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MAGNETS 


ERE, in the two photographs on this page, we have two magnets. One stands over ten feet 
high and weighs 80 tons, the other, a tiny affair about the size of the eraser on a lead 
pencil weighs only 1.85 grams. Both are remarkable and both represent the highest skill 

and achievement in magnetics, but of the two, the small permanent magnet in the lower 
photograph is perhaps the most notable, for it happens to be the most powerful magnet in the 
world. As described on another page of this issue (p. 281) this little magnet will lift nearly 1500 
times its own weight. It is the latest type Alnico magnet developed in the research laboratory 
of the General Electric Co. Weighing |.85 grams, |/250th of a pound, this little pellet has 
been made to lift 2750 grams. It will lift a 5 lb. flatiron with ease. | The other magnet is also 
one of the most powertul in the world but in a different sense, compared to the small one. 
It is the magnet structure for the new cyclotron be’ng constructed at Ohio State University. 
As stated above, this large field structure, which was designed and constructed by the American 
Rolling Mills Co., weighs 80 tons. The pole faces are 42 in. in diameter with an air gap of I0 in. 
between them. The opposite faces are so accurately machined that 
they are parallel to within about two one-thousandths of an inch. 
The magnet will be wound with about 9 tons of copper tubing 
through which will flow the current of electricity which energizes the 
magnet. Water circulating through the copper tubing will insure a 
nearly constant temperature in the coils. Fine fibre glass yarn, manu- 
factured by the Owens-lllinois Glass Co., will be woven around the 
copper tubing for insulation. 4 It was the dream of the alchemists 
to transform baser metals into gold. The development of new and 
unusual devices for producing high speed electrical particles is 
bringing this dream nearer and nearer to fulfillment and the most 
unusual and ingenious of these devices is the cyclotron which was 
developed by F. O. Lawrence at the University of California. A 
cyclotron is about as essential to the work of the modern physical 
laboratory as spectroscopes and X-ray tubes were for research work 
of one or two decades ago. This cyclotron at Ohio State is one of 
the largest that has ever been built, being second only to the very 
large one now being constructed at the University of California. 
j But do not let the size of the large magnet detract your interest 
rom the small one; that, despite its diminutive size, still remains the 
giant of all magnets. 
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High Voltage d.c. Transmission 


LATELY, the possibility of transmitting power by 
means of high voltage, direct-current transmission 
lines has been under lively discussion. Much of this 
discussion has been logical and reasonable but some 
of it, would seem to have its origin in the realm of 
emotion rather than reason. Some seem to regard 
the proposal to use long distance direct-current trans- 
mission aS an affront to their intelligence or some- 
thing encroaching upon their constitutional rights— 
they are agin’ it on general principles. Perhaps the 
matter is not quite so serious as this but it does have 
inherent in it something of that nature. 

History, as everybody knows, has a curious way 
of repeating itself. In the early days of the electrical 
industry when George Westinghouse was advocating 
the use of alternating current, the proponents of the 
Edison direct-current system protested against its 
adoption, advancing all sorts of alleged facts and 
settled practice to prove that alternating current was 
impractical, deadly and contrary to the laws of nature. 

Now, fifty years later, we are witnessing a similar, 
if somewhat less violent, controversy, again over the 
respective merits of a.c. and d.c. systems of trans- 
mission, but this time it is direct current that is under 
fire. An alternating-current-conscious world, which 
has found groundless every argument once advanced 
by direct-current protagonists now rises, dogmatically, 
to the defense of the very system it once opposed so 
violently. 

Granting, as those who criticize the d.c. scheme 
contend, that the cost of the terminal equipment in- 
volved is greater than that required for a.c. lines, 
and even that there is but little likelihood that these 
costs can be materially reduced, there is still no 
reason for assuming that such lines may not prove 
economically feasible in the end. And, granting also 
that the limitations of present day rectifying and 
inverting equipment are such as to rule out super- 
voltage lines of the character suggested, the fact 
still remains that, in theory, such long high voltage 
lines appear possible with direct current, but not 
necessarily with alternating current. 

In other words, suppose that it became imperative 
to develop a transmission line of considerable capacity 
over distances upward of a thousand miles; from our 
present experience with both alternating and direct- 
current technique, the chances of ultimate success 
probably would be greater with the use of direct 
current than with alternating current. If this state- 
ment is open to question, we ean put it in another 
way, that the difficulties in the case of alternating 
current increase with distance, whereas, with direct 
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current, assuming the availability of satisfactory ter- 
minal equipment, the advantages increase with dis- 
tance. 

This, would seem to be the proper attitude in 
considering this question of d.c. transmission. The 
use of high-voltage direct current, despite all the 
difficulties that may remain to be solved, provides 
new possibilities in the field of transmission and, as 
engineers and reasonable human beings, it will be 
more to our credit to be open minded about it than 
to take a ‘‘can’t be done’’ attitude, even though 
economic considerations may support the latter. The 
history of civilization is replete with instances where 
science has triumphed over economics. 

Of course, d.c. transmission is still experimental ; 
no one even remotely concerned with the electrical 
industry would imply for a moment that it was any- 
thing else. But the 27,000-v. experimental line near 
Schenectady, which has been in operation over two 
years, has performed remarkably well and with no 
serious troubles other than those which might normal- 
ly be expected in a new development of this character. 
The discussion of this experimental line and the re- 
marks on the general subject of d.c. transmission by 
four engineers of the General Electric Co. at the 
Power Group meeting of the Metropolitan Section of 
the A.I.E.E. at New York recently, seemed to us dis- 
tinetly encouraging, yet editorial comments of others 
on this discussion were quite the opposite; indeed it 
was that pessimistic attitude on the part of some 
that gave rise to this dissertation on the d.c. system. 

J. D. Ross’ proposal to couple the hydro plants in 
the West to the Eastern markets by transcontinental 
d.e. lines has been much in the limelight. Under any 
circumstanees, such a daring proposal might be ex- 
pected to stimulate controversy but, when the issue 
has inherent in it real or imagined political or social 
implications, the elements of emotion and personal 
prejudice become dominant factors in its discussion. 
We hold no brief for Mr. Ross’ proposal but at least 
it has novelty and is ambitious, and coupled with 
the advances that are being made everywhere in the 
field of electronics, it deserves thoughtful considera- 
tion. 

Progress in the development of long distance d.c. 
transmission will necessarily be slow, and, to a large 
extent, will depend upon the continued development 
of larger and higher-voltage electronic equipment. 
That will come about, if from no other source, from 
progress in associated fields in which electron devices 
are used, but over and above the influence of such 
natural and inevitable developments, it will depend 
also upon the encouragement and the intelligent at- 
tention given to such an intriguing idea. 
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NDUSTRIAL INSTITUTIONS sometimes de- 
cide that the best solution to their expansion 
problems lies in building an entirely new 
plant based on first principles of selection of 
location for securing raw materials, workmen 

and transportation, the employment of the most modern 
equipment throughout, and building construction and 
conveniences that represent the latest and best prac- 
tices. Such was the case when the Painesville plant of 
the Industrial Rayon Corp. was planned. After investi- 
gation into all phases of the location problem, this site 
about 20 mi. east of Cleveland, on the south shore of 
Lake Erie, was chosen as having the greatest advan- 
tages for the manufacture of rayon. 


One of the principal factors was an available 
water supply that was suitable and adequate for this 
manufacturing purpose. It was only after exhaustive 
research on water supply through the eastern section 
of the country that the answer was found in Lake 
Erie water taken from a point about 5000 ft. off shore. 
The location chosen for the building is a few hundred 
feet in from the shore line, open ground of a 508-acre 
tract formerly used as a nursery and completely away 
from the contaminated air of an industrial district, 
quite an essential factor in the manufacture of rayon 
yarn. 

In this setting the Industrial Rayon Corporation 
has built an entirely new factory plant at a cost 
of $11,500,000 that will employ nearly 1000 people 
and produce 12,000,000 lb. of rayon annually when 
run at full capacity. It is a model of modern enter- 
prise in every respect. The building in which the 
yarns are made are air conditioned within narrow 
limits of temperature and humidity, and although the 
walls are windowless, daylight enters the plant 
through panels and monitors of glass block, 371,000 
of which have been used in the factory, the laboratory, 
the power house and auxiliary structures which to- 
gether represent the largest glass block installation 
on record. 


For use in this plant, a new type of viscose process 
and special machines of revolutionary designs have 
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Power 


Fig. 1. With terraced contours 
and streamlined architecture the 
power plant building harmonizes 
with the rayon mill which it serves 


been developed for the continuous production of rayon 
yarns adaptable to a complete range of woven cloth. 


Rayon Process 


In the process of making this rayon yarn, spruce 
is converted into a cellulose base and shipped in the 
form of sheets to Painesville. There the sheets are 
soaked in caustic soda to mercerize them, the excess 
caustic removed in presses; and the material removed 
to beating machines, or Pfleiderers, where it is pulver- 
ized. From this point it is moved into a ripening 
room where it is kept at a predetermined temperature 
for several days in an air-conditioned atmosphere in 
which humidity as well as the degree of coolness are 
held within close limits. 


This treatment turns the substance into an alkali 
cellulose, it next goes to tumbling drums, where under 
vacuum it is treated with carbon bisulphide. Now 
termed a xanthate, the material is next dissolved in 
a caustic soda solution, from which it emerges as a thick 
liquid known in the textile trade as a ‘‘viscose.’’ It is 
stored in air-tight tanks to undergo a definite aging 
process at carefully controlled temperature, achieved 
by varying the temperature of the room itself. 


From this point the viscose, as needed, is forced by 
air pressure to the spinning room where, extruded 
through minute holes into a sulphuric acid bath, it 
emerges as a continuous thread of rayon. 


These threads are carried on reels through succes- 
sive washing, desulphurizing, bleaching and drying 
operations, coming off the machine neatly coiled on 
bobbins. 


Because of the foregoing sequence of manufac- 
turing operations, the power plant has been built to 
supply not only electricity, but also low-pressure 
steam, hot water for processing, refrigeration for 
the chemical departments, a variety of fresh-water 
services, conditioned air and ventilation. This fac- 
tory is entirely independent of outside service connec- 
tions except the telephone wires, the power plant 
being depended upon for all electric service includ- 
ing the pumping of all water and sewage handling. 
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Plant to Serve Rayon 


Mill 


Built entirely from the ground up without tradition or in- 
cumbering physical conditions, the factory of the Industrial 
Rayon Corporation at Painesville, Ohio, is a model of 
modern construction and its power plant renders complete 
physical services without public utility power connection. 


Desian StartepD WitH Heat BALANCE 


From an engineering viewpoint, here was an ideal 
situation for the designer of a power plant where the 
latest advances in economy of heat could be employed 
without the handicap of obsolete processes, equip- 
ment or materials to interfere with the employment 
of modern ideas in serving the factory. As a con- 
sequence the heat balance was the starting point of 
the design and was worked out so that waste to 
sewers and atmosphere is almost nil under normal 
working conditions. This condition has been attained 
by properly proportioning heat exchangers to the 
factory processes and power load. 

Since the character and the amount of the water 
supply is such an important factor in the success of 
a rayon factory, particular attention was given not 
only to providing the means for bringing this water 


in from the lake but for filtering and treating it in 
preparation for its use in process work and for steam 
making. With the intake located 5000 ft. from the 
shore line, Lake Erie water is conducted by gravity 
through a conduit to the treating plant. Here it is 
lifted by pumps, the discharge being divided, part 
going to the treating system direct, the remainder 
to the condensers, thence to the treating system. 


Water FILTERING AND TREATING 


Water is filtered in a concrete air-water-wash 
filtration system for industrial and sanitary purposes, 
and treated in a concrete Inversand gravity water 
softening system for industrial use. The filtration 
plant consists of a sedimentation basin with a capacity 
of 528,000 gal. having a detention period of 4 hr.; 
three 14-hr., over and under mixing chambers for 


Fig. 2. Skylights and glass tile end wall make the turbine room an attractive section of the plant 
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Fig. 3. Water and steam flow diagram through the power plant 


agglomerating the water, only one being used for 
present requirements; four rectangular filter tanks 
12 ft. 6 in. wide by 20 ft. long by 8 ft. deep. The 
filtering capacity is 2200 g.p.m. 

Each filter is equipped with a strainer system 
consisting of a centrally located chrome-nickel-iron 
manifold and east chrome-nickel-iron laterals with 


cast-iron fittings and Hungerford brass-monel non- 
corroding expansive port-type sand valves, the metals 
used being acid resisting. The filtering medium is 
sand, and the supporting layers, gravel. 

The combination of air and water for washing 
purposes is considered more effective than water 
alone. The agitation of the sand bed can best be 
described as violent. The distribution of the air is 
uniform and the retained impurities are torn from 
the sand grains and washed up to the surface of the 
sand. Under ordinary conditions the filter is washed 
perfectly clean in from 3 to 4 min. 

Sanitary filters for potable water are designed and 
constructed in exactly the same manner as the in- 
dustrial units with the exception of the incorporation 
of rate-of-flow controllers and loss-of-head gages hav- 
ing a capacity of 1000 g.p.m. These units are of 
sufficient size and capacity to accommodate a three- 
fold expansion of the rayon plant. 

The industrial gravity water softening plant is 
constructed of reinforced concrete throughout, con- 
sisting of three softening tanks 12 ft. 6 in. by 20 ft. 
deep and a soft water storage basin having a ¢a- 
pacity of 1,000,000 gal. Each softener is equipped 
with a strainer system consisting of a centrally located 
chrome-nickel-iron manifold and red brass laterals 
iron-pipe-size pierced with figured orifices to serve 
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Fig. 4. Plan of principal power generating equipment 
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PULVERIZER ROOM 


L.P. STEAM 
HEADER 


the purpose of collection of soft water and distribution 
of wash water. The strainer system is constructed 
of metals that are resistant to the corrosive action of 
salt which is the medium used to regenerate the zeolite. 
Around the strainer system up to a depth of approxi- 
mately 16 in. is placed specially graded gravel of 
varying sizes to act as a supporting medium for the 
base exchange material, Inversand, a natural green- 
sand deposit. 

In this plant the regenerating solution, brine, is 
metered so that an absolute eheck is made on the 
quantity of brine used in the regeneration of each unit. 

All exterior operating equipment and valves for 
the filtering and treating systems are located in pipe 
galleries and are controlled from operating platforms 
by extension stems and stands. This enables the 
operator to observe the operation of the units at all 
times during each operation cycle. 

The chemical feeds are of the automatic propor- 
tionate type controlled by a master meter through 
time delay switches and are set to deliver a propor- 
tionate quantity of chemical to the flow of water re- 
gardless of the fluctuation in factory demands. 


Borer FEEDWATER CONDITIONING EQuIPMENT 


At a pressure of 800 lb., boiler feedwater calls for 


Special treatment. To render the make-up water sat- 
isfactory for boiler feedwater purposes it is pumped 
from the soft water basin through sulphuric acid feed- 
ers where the M. O. alkalinity is reduced to a minimum 
and the sulphate-carbonate ratio is adjusted. The 
chemical reaction between an acid and alkali gen- 
erates CO, which is corrosive to iron and must be 
removed. The CO, removal is effected by aeration 
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Fig. 5. Sectional elevation through 
boiler and turbine rooms showing 
stair step roof construction with 
major operating duties on two floors 


of the chemically treated water through an opened 
lead lined steel tank. The bottom of the tank is 
covered with a series of porous tubes that forces the 
air through the water in such fine globules emulsifica- 
tion appears to take place. A stilling bay is located 
at the discharge side of the tank where all of the air 
is displaced and the resultant water is ready for in- 
troduction to the boiler plant. 

Flow of the water and steam through the power 
plant and to the factory is best shown by the flow 
diagram. Lake Erie water ranges in temperature 
from 32 to 80 deg. F. Some service water is used 
without heating; another line, however, delivers 
process water at 105 deg. which has first served as 
steam and ammonia condenser circulating water, then 
treated before delivery to process and feedwater 
service. Following softening, feedwater makeup © 
passes through a heat exchanger on the blowoff line, 
then aeration tank, then to surge well where it meets 
the returns from process, thence through deaerating 
heater where it meets condensate returns from turbo 
generator condenser, thence to feedwater pumps, 
thence through another heat exchanger in the vapor 
line from the blowoff flash tanks, and on to the 
boiler at a temperature of approximately 250 deg. F. 
Steam generated at 700 lb. pressure and 750 deg. F. 
is used at that pressure for driving power plant aux- 
iliaries that exhaust at 15 lb. pressure and the main 
turbines bled at 15 lb. and exhausting to condenser 
at 1 lb. abs. Provision has also been made to supply 
15 lb. pressure steam when needed from the high 
pressure header through a Swartwout reducing valve 
and desuperheater. 

Connected to the mill building only by means of 
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a service tunnel, the power plant building houses all 
the steam and electric generating equipment, the air 
compressors, and refrigerating equipment and gives 
overhead shelter to the transformers. 


FurEt PREPARATION 


Railway service brings the coal to the plant where 
it is either dumped to a receiving hopper or stored for 
future use by means of a locomotive crane and grab 


bucket. From this hopper, the coal is crushed, if 


Fig. 7. Serving each boiler are 

two pulverizing mills located on 

the ground floor beneath the fir- 
ing aisle 


Fig. 6. Three, steel encased, 

3200-hp. steam generators furnish 

all the steam for the turbines and 
process work 


need be, 6n its way to the bucket elevator which 
delivers to a flight conveyor used to distribute the 
coal in the 700-ton bunker located over the boiler 
room firing aisle. Ash removed from the dry bottom 
pulverized fuel furnaces is delivered by means of a 
drag conveyor to an hydraulic ejector that discharges 
to an ash cistern with a stone covered tile bottom that 
drains the water to the sewer. The solid materiais 
are removed by means of the grab bucket. Extreme 
effort has been made in the handling of the coal and 
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Longitudinal half section of 5000-kw. bleeding turbines in- 
stalled in Industrial Rayon Corp. plant 
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Fig. 9. Typical arrangement of the multiple valve steam chest 


ash to prevent dust from getting into the atmosphere. 
In line with this principle a cinder catcher has been 
installed between the air heater outlet and the stack. 

Steam generating equipment includes three Type 
VU steel encased Combustion steam generators, each 
rated to deliver 80,000 lb. of steam per hour normally 
or 90,000 1b. maximum continuous operation at 650 Ib. 
pressure, 750 deg. F. temperature at the turbine throt- 
tle. These units are of the 2-drum design with integral 
water-cooled furnaces fired by two pulverized coal 
burners per boiler. The coal is pulverized by C-E 
Raymond bowl mills located on the floor below the 
firing aisle. Each boiler is equipped with a plate air 
heater, the reclaimed heat being used to raise the 
temperature of the air passing through the pulverizers 
as well as that going directly to the furnaces. 

In line with modern practice, the steam generators 
are equipped with electrically welded drums, construc- 
tion best suited to prevent corrosion. The steam out- 
let drum is equipped with a steam washer through 
which the outgoing steam bubbles and is thereby re- 
duced in concentration. Another feature is the regu- 
lation of the degree of superheat by a manually con- 
trolled by-pass damper. 

Two pulverizers are provided per unit. Precau- 
tion against power failure has been taken on two of 
the units by installing turbine and motor drives on 
one mill per unit as well as on the corresponding 
foreed and induced draft fans. This arrangement 
permits two steam generators to be operated at one- 
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half their maximum continuous output. Lighting off 
is accomplished by means of a hand torch that uses 
kerosene vaporized in a pressure system operated at 
75 lb. 

The design provides for continuous operation at 
80,000 lb. of steam per hour at 700 lb. per sq. in. and 
780 deg. F. at the superheater outlet (if necessary to 
maintain turbine throttle conditions as previously 
enumerated. The performance expected from these 
units is 85.1 per cent efficiency at maximum conti- 
nuous output. Bituminous coal is to be used, the 
approximate specifications being: ash fusion tem- 
perature, 2100 deg. F.; fixed carbon, 48.3 per cent; 
volatile, 35 per cent; moisture, 5 per cent; ash, 11.7 
per cent; sulphur, 3 per cent; heat value as fired, 
12,300 B.t.u. 

From the overhead bunker, coal goes by gravity 
to the pulverizing mills being weighed automatically 
by Richardson 200 lb. scales, three units being pro- 
vided. Forced draft fans deliver the preheated air 
in regulated proportions for both conveying the pul- 
verized fuel from the mills to the burners and burn- 
ing the coal in the furnace. Induced draft fans draw 
the gases over the boiler tubes, through the air pre- 
heater and fly-ash catcher and deliver it at a maxi- 
mum temperature of 362 deg. F. to the radial brick 
stack that is supported on the boiler house structural 
steel. 


ay ON 
Fig. 10. Relation of the various elements which comprise the com- 
plete governing or control system 
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Diagram of oil and control system 





Fig. 12. To start the power plant from a complete shutdown, this 
gasoline engine unit is started from a storage battery and generates 
necessary power for pulverizers, draft fans and pumps 


In the operation of the plant, manual combustion 
control is depended upon as the load is extremely 
steady. This arrangement calls for a well designed 
instrument board for each boiler unit. Here are 
installed the indicating elements of Hays draft gages; 
Crosby pressure gages, ammeters for pulverizer loads; 
Taylor flowmeter recording steam temperature, steam 
pressure and steam flow; Permutit Co. Ranarex CO, 
recorder and indicator; Taylor instrument for record- 
ing air preheater temperatures, inlet and outlet of 
both air and gas; and start and stop switches for 
pulverizers and fans. 


PLANT Starting UNIT 


As this plant has no outside power connection, the 
problem of starting initially or in case of a complete 
shutdown was solved by the installation of a generat- 
ing unit driven by a Sterling gasoline engine. This 
is a 375 kv-a., 80 per cent power factor Westinghouse 
generator delivering 3 phase, 60 cycle current at 
480 v. and running at 1200 r.p.m. The engine has 
§ cylinders and is rated at 565 hp. It is started from 
a storage battery and the current generated by the 
unit is used to run the necessary pumps, fans and 
coal pulverizers to put the boiler plant into operation. 
This unit is located in a room adjacent to the pul- 
verizers. 

Steam piping to the turbines is carried beneath 
the operating floor of the turbine room which is on 
the same level as the boiler control floor. This arrange- 
ment makes an attractive looking as well as convenient 
turbine room without overhead obstructions to inter- 
fere with the operation of the traveling crane, which 
also serves the auxiliaries through wells in the floor. 


ELEctrRIC GENERATING UNIT 


Three identical Westinghouse units have been 
installed to supply the power requirements and furnish 
steam for process work. Each unit is a combination 
impulse and reaction turbine designed for high operat- 
ing efficiencies and arranged for automatically con- 


trolled extraction. Each turbine has a rating of 
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5000 kw. at 80 per cent power factor or 6250 kv-a. 
at 80 per cent power factor and is designed to oper- 
ate under the following steam conditions: Inlet 
pressure, 650 lb. per sq. in. ga.; total temperature, 
750 deg. F.; extraction pressure, 15 lb. per sq. in. ga.; 
and exhaust pressure, 27 in. of vacuum. The con- 
struction of the entire turbine is shown in Fig. 8. 

The cylinder is divided vertically into two sections, 
each being split in the horizontal plane to form a base 
and cover. The vertical joint was made up perman- 
ently before shipment permitting the cover to be 
handled thereafter as a single piece. A complete in- 
spection can therefore be made by removing the 
cover only and the base need not be disturbed after 
installation. 

Arrangement of the multiple valve steam chest is 
typical, as shown in Fig. 9. The main body and 
nozzle chambers are cast integrally with the cylinder 
cover, thus eliminating joints between these parts. 
The valves are of the single seated plug type with 
replaceable seats pressed into the steam chest body. 
This turbine will develop full rating on five valves 
operating straight condensing, valves six and seven 
being used for extraction flows. . 

Turbine blading includes one Curtis stage followed 
by seventeen pairs of rows of reaction blades above 
the extraction point and one Rateau stage followed 
by ten pairs of rows of reaction blades below the 
extraction point. Steam is admitted through the 
main nozzles and passes through the high pressure 
section of blading to the extraction zone where a part 
is led out of the cylinder to supply the extraction 
system. The remainder which is not used in the ex- 
traction system, passes through the low pressure sec- 
tion of blading and exhausts into. the condenser. 

At the inlet end of the rotor is machined a single 
stage balance piston (or dummy), which counter- 
balances the greater part of the axial thrust due to 
the pressure drop across the reaction blades, and 
thus decreases the load on the Kingsbury thrust bear- 
ing. Steam leakage past the balance piston seals is 
led through external pipes to the cylinder at a lower 
pressure zone. 

To prevent leakage where the rotor shaft passes 
through the cylinder, the type of gland used consists 
essentially of a small impeller pump which operates 
within a case, and suitable labyrinth seals. Water 
is the only sealing medium used. 

On a turbine of this type the control is of utmost 
importance. The relation of the various elements 
which comprise the complete governing (or control) 
system is shown diagrammatically in Fig. 10 and the 
oil system diagram, Fig. 11. The principal items of 
this system are the throttle valve, overspeed trip, 
governing valves, oil impeller, oil ejector, governor. 
extraction valve, extraction valve servo-motor, extrac- 
tion pressure regulator and auxiliary oil pump. 

Electric current is generated at 11,000 v., 3 ph., 
60 cycles. Each unit has its own direct connected 
exciter but an auxiliary exciter is provided consist- 
ing of a turbine-driven generator set. Cooling air 
is supplied the generator at a maximum of 104 deg. 
F. from air coolers using water as the medium. 


(Continued on Page 259) 
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Principal Equipment in Industrial 


GENERAL 


Location of plant, Painesville, O. 
Type of plant, Industrial. 
Character of load, Extremely uniform. 


BOILERS AND ACCESSORIES 


Boilers—Three Type VU, 2-drum, water 
tube, integral furnace, welded Bag ne 
lb./hr., 700 Ib. pres., 780 deg. F. 8700 8 hg 
heating surface; air ‘heater, plate type, 1 560 
sq. ft.; steam washers; pulverized fuel; 

cu. ft. armored blocks on walls; dry Ganeeus 


Fig. 13. Refrigerating units 


plain screen, front wall, side and roof, plain 
tube, steel encased.—Combustion Engineer- 
ing Co., Ine 


Feedwater Regulators — Copes. — Northern 
Equipment Co. 


Water Columns — Bicolor type. — Diamond 
Power Specialty Corp. 


Blowdown System—Continuous.—Cochrane 
Corp. 


Soot Blowers—The Bayer Co. 
Chimney—One radial brick supported on 
structural steel. Height 100 ft.; diameter at 
breeching 13 ft.; diameter at top 10 ft.— 
Alphonse Custodis. 


Ash and Soot Precipitators—Prat-Daniel 
Corp. 


pg mg Coal Burners—Two per boiler; 
each 6500 Ib. per hr., bowl type, 80 — cent 
qromss 200 mesh.—Combustion Engineering 
0., 


™ erheaters—Elesco intertube, 750 deg. F., 
0 sq. ft. HS.—The Superheater Co. 


Forced Draft Fans—One per boiler, 27,600 
c.f.m. capacity each, at 8.7 in. pres., driven 
by three 60-hp. Westin gheuen induction 
motors, 1800 r.p.m., 440 v. and 2 dual drive 
an por hod —American Blower 
orp. 


Induced Draft Fans—One per boiler, 51,000 
c.f.m. capacity 9.2 in. pres.; driven by three 
= -hp. Westinghouse induction motors, 900 
p.m., 440 v., and dual drive 2 Westinghouse 
tirbives, 125-hp. each.—American Blower 
orp. 


FUEL AND HANDLING 


Fuel used—Dunn Glen Bituminous coal. Ash 
fus. temp. 2100 deg. F.; 48.3% fixed carbon; 
35% vol.; 5% mo sture; 7 7% ash; 3% S. 
12,300 B.t.u. per lb. as fired 


Coal Handling Machinery—Conveyors, feed- 
ers, dripper, 110-t. per hr. crusher, locomo- 
tive crane, coal gates.—Link-Belt Co. 


Coal Scales—Three automatic, 200 lb. dump. 
—Richardson Scale Co. 


bg Pulverizers—Two per boiler; each 6500 
we on! hr., bowl type, 80% through 200 mesh. 
ombustion Engineering Co., Inc. 
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Power Plant 


WATER TREATMENT AND HEATING 


Feedwater Heater—One, deaerating, ratin ng 
300,000 Ib. per hr., water temperature in 1 
deg. F., out 250 d eg. F.—Cochrane Corp. 


Feedwater Treatment—Zeolite.—Hungerford 
& Terry, Inc. 


PUMPS 


Deepwell—Three ; 226 hp., 5000 g.p.m., 150 ft. 
hd., 1160 r.p.m. —Peerless Pump Co. 


Service Pumps—Two soft water, 103 hp., 


used to air condition the mill 


2200 g.p.m., 160 ft. hd., 1750 r.p.m.; 2 —- 
tary water 48 h 1000 g p.m., 160 ft. * 
1750 r.p.m.; 2 Itered Sie 33 hp. 206 
g.p.m., 50 ft. hd., 1150 r.p.m.; 2 back wash, 
31 hp., 2250 g.p.m. ., 45 ft. hd.; 2 salt water 
solution, 8 - 250 y4 .1., 80 ft. hd., 1750 
r.p.m.; 2 surge well, hp., g-p.m., 160 
ft. hd., 3550 r.p.m. All drives, Westinghouse 
motors.—Goulds Pumps, Inc. 


Two alum, 2 hp., 50 &>- -m., 35 ft. hd., 1750 
r.p.m.—The Duriron Ine. 


Boiler Feed—One; agg Fer 1900 ft. hd., 
3550 r.p.m., driven by estinghouse motor, 
350 hp., 440 v 


One; 540 g.p.m., 1900 ft. hd., 3550 r.p.m., 
driven by Westinghouse turbine. 


One; 270 g.p.m., 1900 ft. hd., 3550 r.p.m., 
driven by estinghouse motor, 200 hp., 
440 v.—Goulds Pumps, Ine. 


Condensate Pumps—Six; motor-driven, 120 
£?- -m., 164 ft. total hd.; 1750 r.p.m., driven 

y Westinghouse motor, 15 hp., 40 v.— 
Goulds Pumps, Inc 


Brine Pumps—Circulating—2 1800 

100 hp. eee, 1750 r.p.m., yl ‘3 

FB, 60 ~ motor, 3450 r.p m., a 
1, 450 g.p.m., 0 hp. motor, 3450 r r.p.m m., 440 v. 

1, 225 g.p.m., 20 hp. motor, 3450 r.p.m., 440 v 

160 ft. hd.; Westinghouse motors.—Goulds 

Pumps, Ine. 


Rayon Corp. 


TURBINES AND GENERATORS 


Turbogenerators—Three: 5000 
r.p.m., steam turbines 650 Ib., 750 Wrdeg F. 
extraction at 15 Ib.; exhaust 1 Ib. -. : 

kv-a. generator, 0.80 p.t., 3 of 60 eycles, 
11,000 v.; direct connected exciter; air cooler ; 
oil cooler; S. F. Bowser Co. oil filter system ; 

sq. ft. condenser. — Westinghouse Elec. 
& Mfg. Co. 


Emergency Power Unit—1 gasoline engine, 
500 hp., 1200 r.p.m.—Sterlin ng Tage Co. 
Direct Driven Generator—3 kw., 375 kv-a., 
440 v., 60 cycles, 3 ph.— Westinghouse Elec. 
& Mfg. Co. 


Soateeey, epetiee eee turbine driven; 
7 kw.; age - v. d.c.—Westing- 
house thes & Mfg. C 


ELECTRICAL EQUIPMENT 


Motors and controls for coal handling— 
Westinghouse Elec. & Mfg. Co. 
Transformers — 10, air cooled, 3 ye: 
11,000/400 v.; 1750 kv-a. each. — West ng- 
house Elec. & Mfg. Co. 


Switchboard, electrical instruments and 
switches—Westinghouse Elec. & Mfg. Co. 


Pulverizer drives—6 ind. motors, 75 hp., 1800 
r.p.m., 440 v., 2 turbines with dual drive on 
2 pulverizers—Westinghouse Elec. & Mfg. 
Co. 


Storage Battery—One 60-cell—Exide, Type 
KXF-17.—Electric Storage Battery Co. 


PIPING AND VALVES 


Piping—Grinnell Co., Inc. 


Pipe Covering—Philip Carey Co. 
—American Asbestos Co. 

Blow-off Valves—Yarnall-Waring Co. 
Non-return Valve—Golden Anderson. Other 
valves—Chapman Valve Mfg. Co. 

Safety Valves—Two on drum, 1 on outlet— 
Crosby Steam Gage & Valve Co. 


Expansion Joints—Condenser connections, 
copper.—E. B. Badger & Sons Co. 


Atmospheric Relief Valves—Atwood & Mor- 
rell. 


Reducing Valve—Swartwout Co. 
Desuperheater—Swartwout Co. 
Traps, high pressure and low pressure—The 
V. D. Anderson Co. 

INSTRUMENTS 
Draft Gages—Hays Cor 
COz2 Meters—Ranarex— ‘he Permutit Co. 
Steam Pressure Gages—Consolidated Ash- 
croft Hancock Co. 
—Crosby Steam Gage & Valve Co. 
—Taylor Instrument Cos, 
Steam Flow Meters—Taylor Instrument Cos. 
Thermometers—Taylor Instrument Cos. 


REFRIGERATING EQUIPMENT 


Ammonia Compressors—Carbondale; 2 584- 
ton; duplex 1, 216% ton, duplex; 2, 1 ton 
single—all Westinghouse motor drive. 
Worthington Pump & Machinery Corp. 


MISCELLANEOUS 


Crane—One, traveling turbine room, 15 t.— 
Victor R. Browning Co. 


Fig. 14. Air cooled transformers in bay with side wall open to atmosphere 








IN THIS concluding article of the Modern Turbine 
series, Mr. Newman continues the discussion of turbine 
governors started by L. B. Wales last month. Governor 
combinations, as Mr. Newman indicates, can be very com- 
plex, but the line diagrams included in this article isolate 
the principle types of governors and explain their action 
in a comparatively simple and easily understandable manner. 


TURBINES 





URBINE GOVERNORS may be classified under 

a number of separate headings, but the majority of 
these governors are required to control some variable 
in terms of speed or pressure. These control systems 
are becoming increasingly more important and com- 
plex as the field for industrial use of turbines expands. 
For example, a turbine of the noncondensing ex- 
traction type may be required to supply automatically 
all of the steam required at two process steam pres- 
sures, to hold these pressures substantially constant, 
to generate power from these process steam demands 
up to the limit of the generators capacity, then limit 
load at this point by reverting to speed governor 
control. Such turbines have been built and are 
operating successfully. 

It is hard to think of a scheme for operating any 
type of steam turbine for which there is not a com- 
bination of standard governors ready to control it. 
Some of these combinations are extremely complex, 
but the line diagrams included in this article isolate 
the principal types of governors and explain how 
they function. For clarity, the ‘‘relays’’ and ‘‘re- 
storing’’ devices described in last month’s article 
have been omitted. Actually, a turbine governor rarely 
acts directly, but does its controlling through a 
system of relays. 


SPEED Governor (Fia. 1) 


The straight speed governor is used on the major- 
ity of turbines, and as its names implies regulates 
steam admitted to the turbine in terms of speed. Thus 
with an increase in load the speed tends to drop 
which causes the speed governor to open valves ad- 
mitting steam to the turbine to a point where the load 
and steam flow are again in balance. 

In this, and the other diagrams, the speed goveronr 

“Republication rights reserved by the author. 
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is shown as a familiar ‘‘fly-ball’’ type, but the basic 
principle of control will be the same regardless of 
type of governor. 


Back PRESSURE GOVERNOR (Fla. 2) 


Back pressure governed turbines are used where a 
noncondensing turbine is required to supply steam 
from its exhaust at a constant pressure and only in 
quantities sufficient to meet the steam demands. To 
do this it must be operated in parallel with one or more 
speed-governed turbines. 

When the turbine is under the control of its back 
pressure governor the speed governor shown in Fig. 2 
bas no part in the operation. With a decrease in 
pressure at the exhaust of the turbine (indicating 
more steam is required) the back pressure governor 
opens steam inlet valves until the steam flow has 
restored the exhaust pressure to its proper level. Jn 
this type of operation the turbine responds only to 
demands for exhaust steam, satisfying them up to 
the limit of its capacity. The back pressure governor 
can not control speed, nor can it control load so the 
turbines must have other governors ready to take 
control away from the back pressure governor under 
any abnormal condition. 
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Fig. 1. Speed governor 
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The speed governor is the most important of these 
‘protective’? governors and acts as a ‘‘pre-emerg- 
ency’’ governor. Normally it is out of control but 
should the turbine lose its inter-connection with speed 
governed turbines on which it is relying for its speed 
control, instead of the speed rising to the point where 
the emergency governor trips the throttle valve the 
speed governor takes control away from the back 
pressure governor. Figure 2 illustrates how the speed 
governor permits the speed to rise to a predetermined 
maximum (usually about 3 per cent above normal) 
then takes control away from the back pressure gov- 
ernor and allows the turbine to operate straight speed 
governed. 

By a simple hand adjustment the speed governor 
may be put in control of the turbine at any time it is 
desired to operate without back pressure governor 
control. When this type of operation is frequent the 
back pressure governor is sometimes arranged to 
act as the pre-emergency governor and close steam 
inlet valves when the back pressure attempts to rise 
above a certain maximum. 

Instead of hand adjustments for shifting normal 
control from one governor to another turbines are 
sometimes equipped with automatic transfer devices 
actuated by relays in the electrical system. For ex- 
ample a turbine may operate normally parallel with 
speed governed turbines and at such times be under 
control of its back pressure governor with the speed 
governor set for pre-emergency control. Now should 
something happen to the speed governed turbines to 
tend to shift a heavy load from them onto the back 


pressure governed turbine a circuit breaker can be 
arranged to isolate the back pressure governed turbine. 
When the breaker trips, a relay actuates the transfer 
devices on the turbine and allows it to revert to speed 


control. Under such conditions the turbine will 
usually be carrying essential load independent of the 
other machines. When conditions are ready for normal 
operation again the back pressure governed turbine is 
usually hand-reset, but this, too, could be automatic. 


WastE-Hrat GovERNor (Fa. 3) 


The action of the waste-heat governor is similar to 
the action of the back pressure governor except that 
steam pressure at the turbine inlet is held constant 
instead of pressure at the exhaust. With this type of 
control the turbine will use all of the excess steam 
available up to the limit of its capacity. A common 
application of this type of governor is on low-pressure 
condensing turbines taking steam at about atmospheric 
pressure from any of numercus scurces of waste 
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Fig. 2. Back pressure governor 
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THANKS FOR YOUR ATTENTION 


IN CONCLUDING this series with this install- 
ment the authors feel a deep personal appreciation 
for your sustained interest. It is like telling an old 
friend good-by to put aside our slide rules, erasers 
(we've worn out a gross} and scratch pads with 
which we've been able to talk to you these many 
months. But we have learned that one seldom says 
good-by for keeps—people have a habit of run- 
ning into each other at odd times and places, so 
perhaps we may meet any one of you at some un- 
expected time. Until then, accept our thanks for 


your attention. 
L. E. Newman 


J. M. Lyons 
Allen Keller 
L. B. Wales 


steam. When the inlet steam pressure at the turbine 
starts to rise it is an indication that the supply of 
steam is increasing and the waste-heat governor opers 
the steam inlet valves until the supply and demand 
are again in balance. 

Here again, like the back pressure governor, the 
speed of the turbine must be held constant by speed 
governed turbines with which it is operating in paral- 
lel. The turbine’s own speed governor will be set in 
its pre-emergency position ready to take control away 
from the waste-heat governor should the conditions 
become abnormal. 


StmmpLE Automatic Extraction (Fie. 4) 


This type of extraction governor is seldom used 
today being replaced by improved but more com- 
plicated types of governors. For completeness it has 
been included to show the simplest form of automatic 
extraction control. The turbine is straight speed gov- 
erned and pressure in the extraction stage is held 
constant by the pressure governor regulating the posi- 
tion of the extraction control valves, passing only suf- 
ficient steam to the exhaust to balance the load re- 
quirements. The principal disadvantage to this type 
of control is that the speed and extraction governors 
are independent of each other and a change of one 
must be reflected to the other before it takes up its 
new position. This limits the application of this 
simple form of control to turbines operating under 
fairly constant conditions of load and extraction de- 
mand, or to applications which do not require close 
control of extraction pressure or speed. 
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Fig. 3. Waste heat governor 
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Fig. 4. Simple automatic extraction governor arrangement 
THREE-ARM LEvER AUTOMATIC ExrractTIon (Fia. 5) 


The three-arm lever type of governor provides 
far better control than the simple automatic extrac- 
tion type diagrammed in Fig. 4, and today is used 
on most automatic extraction turbines. With the three- 
arm governor the turbine is under control of its 
speed governor, and a pressure governor which is 
similar to the simple automatic extraction mechanism. 
The three-arm lever mechanism interconnects the 
speed and extraction governors so that accurate con- 
trol is obtained even under conditions where the load 
and extraction demands are varying rapidly from one 
extreme to the other. 

The reason for this accuracy of control is largely 
because the mid-point of the three-arm control is 
located at such a position that the ratios of the lengths 
of the two horizontal arms is proportional to the 
actual energy above and below the extraction pres- 
sure. This makes it possible for the extraction pressure 
governor to change the position of the extraction 
control valves and simultaneously to correct the posi- 
tion of the steam inlet valves, with the result that 
constant energy is supplied to the turbine shaft and 
the speed left undisturbed. 

Many variations are possible with this governor to 
make it fit exactly almost any set of conditions. One 
of these might be in the case of a turbine required 
to operate on base load yet at the same time satisfy 
demands for extracted steam. A simple mechanical 
stop limiting upward travel of the three-arm lever 
governor will limit load to a set value even though the 
extraction demands vary from zero to a maximum. 
Moreover, the turbine will satisfy extraction demand 
up to its capacity then limit extraction flow at 
this point and balance the load by passing steam to 
its exhaust. 


Two-Arm LEvER GovERNOR (Fia. 6) 


When the turbine is of the non-condensing single 
automatic extraction type and the extraction and ex- 
haust pressures must both be held constant the two- 
arm lever is applied. This application could be con- 
trolled by a standard back pressure governor and 
simple automatic extraction control but this arrange- 
ment would have the same disadvantages previously 
outlined. The two-arm lever interconnects the exhaust 
and extraction pressure governors in such a way that 
smooth control is obtained. 
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Fig. 5. Three-arm lever automatic extraction governor 
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Fig. 6. Two-arm lever automatic extraction governor 


This type of control is similar to the back pressure 
governor in that the turbine is loaded entirely in re- 
sponse to steam demand. It must obtain its speed 
control from speed governed turbines with which it 
is operated in parallel; its own speed governor is 
usually set in the pre-emergency position to take 


control only under abnormal conditions. 
* * * 


These six basic types of governors cover the large 
majority of turbines, and with relatively minor modi- 
fications are adaptable to double automatic extraction 
turbines, and other types not specifically described. 
Types, for example, like a turbine recently built which 
was designed for double automatic extraction and 
mixed pressure. The speed governor of this turbine 
had substantially zero settled speed regulation over 
the entire range of load and extraction, and both 
extraction pressure governors were modulated in terms 
of the pressure on the outgoing side of heat ex- 
changers. With this system of governors the turbine 
automatically satisfied load demands, supplied steam 
at accurately controlled pressures to two process lines, 
admitted steam to the lower opening in place of 
extracting it when that process line had excess steam 
available, and at the same time held system fre- 
quency constant enough to supply power for syn- 
chronous motor driven electric clocks! 

From the standpoint of ease of operation, economy 
in operation, and freedom from product spoilage mod- 
ern turbines are largely dependent on the accuracy of 
their governors. And engineers today know how to 
design governors capable of controlling turbines to 
meet almost any conceivable set of operating con- 
ditions. 
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Performance Characteristics 


of Natural 


Draft 


Chimneys 


Analysis of Chimney Performance Point- 
ing to Conditions for Better Operation 


By J. G. Mingle* 


| iy THESE days of high efficiencies and superior per- 

formance of boilers, stokers, fans, pumps, and 
other auxiliaries in steam plants, it is surprising to 
note the utter lack of any method whatsoever of an 
analysis of the performance of natural-draft chimneys. 
Manufacturers of boiler plant equipment are continu- 
ally on the alert to improve the design of their 
products with the ultimate object of improving the 
efficiency. Efficiencies of boilers, generators, fans and, 
in particular, centrifugal pumps, have been greatly 
improved during recent years. 

Since the operating characteristics of a natural- 
draft chimney are similar in all respects to those of a 
centrifugal fan, or a centrifugal pump, it should be 
apparent that it is no more possible, as is so frequently 
attempted, to select the proper size chimney from a 
table based only on boiler horsepowers, or its equiva- 
lent, than it is to select the proper size fan, or pump, 
from a table based only on the amount of gases, or 
water, to be delivered. Just as it is necessary to know, 
in addition, the total dynamic head against which the 
fan and pump are to operate, so it is necessary to 
know, in addition, the total draft resistance, or total 
dynamic draft, against which the chimney is to 
operate. 

Natural-draft chimneys are classified in that gen- 
eral group of plant auxiliaries which may be termed 
‘pressure transformers’’ and in which are included 
centrifugal fans and blowers and centrifugal pumps. 
Before being placed in operation in a plant, centrifu- 
gal fans and blowers, and also centrifugal pumps, are 
tested in the laboratory of the plant in which they are 
manufactured. These tests cover the entire range over 
which the units are capable of operating and are made 
under arbitrarily imposed operating conditions which 
parallel those of actual operating conditions in the 


*Consulting Engineer, Indianapolis, Ind. 
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Fig. 1. Typical performance characteristics of a natural-draft chimney 
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plant in which they will ultimately and permanently 
operate. The plotted results of these tests, expressed 
graphically on cross-section paper, are called ‘‘per- 
formance charactertistics’’ or simply ‘‘characteris- 
ties.’’ 

Natural-draft chimneys lend themselves to a simi- 
lar set of performance characteristics which, however, 
are based on theoretical computations in accordance 
with known facts, as it is not possible to give a chim- 
ney a so-called ‘‘laboratory’’ test before it is placed 
in operation. Experience, however, has proven that 
these characteristics which have been based on theory 
compare favorably with actual operating conditions 
which have been carefully observed in the plant. These 
natural-draft chimney characteristics are very impor- 
tant in the operation of any plant and fill a long-felt 
want. 

Figure 1 shows a typical set of characteristics for 
a typical natural-draft chimney. These characteristics 
are similar in all respects to those of centrifugal fans 
and blowers, and also centrifugal pumps, with which 
most plant operators are familiar, and include, essen- 
itally: (1) A head-capacity, or draft-capacity curve, 
(2) a horsepower curve and (3) an efficiency curve. 
The head-capacity, or draft-capacity, curve shows the 
relation between the head, or pressure, or draft devel- 
oped and the quantity of fluid (air, gas or water) 
delivered. The horsepower curve shows the amount 
of energy involved in effecting the head-capacity curve 
and the efficiency curve shows the relation between 
the energy output and the energy input in the opera- 
tion of the unit. The purpose, or usefulness, of these 
characteristics is to give the operator an idea of what 
he can expect from his pressure transformer and what 
it is doing in developing the head and delivering the 
capacity, the efficiency he is getting out of the unit and 
the amount of energy, or power, used. 

The draft-capacity curve in Fig. 1 shows the varia- 
tion in the draft as the amount of gases varies which 
the chimney delivers. When no gases are flowing, the 
draft is at its maximum and its intensity under these 
conditions is called the ‘‘theoretical draft.’’ This 
theoretical intensity is oftentimes called the shut-off 
draft and corresponds to the shutoff head of a centrif- 
ugal fan and a centrifugal pump. This condition exists 
only when the dampers are closed and there is no gas 
movement in the chimney. As the gases start flowing 
in the chimney, this theoretical intensity is diminished 
by the draft loss due to friction against the walls ef 
the ehimney. The theoretieal intensity of draft less the 
draft loss due to friction is called the ‘‘available 
draft’’ and represents at all times the intensity of 
draft available to evercome the ‘‘tetal dynamic draft.”’ 
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The ‘‘total dynamic draft’’ is the sum of the external 
service draft requirement and is equal to the sum of 
the draft losses through the breeching, boilers, super- 
heaters, economizers, fuel bed and grates and air- 
preheaters and also the losses due to turns and bends, 
abrupt enlargement of openings, sudden contraction 
of openings, loss of draft due to velocity and, last but 
not least, loss of draft due to damper friction and con- 
striction. The available draft intensity decreases as 
the quantity of gases flowing increases until it 
vanishes altogether. The point of zero draft is called 
the ‘‘free-delivery point,’’ or wide-open point. This 
condition can be approximated only in installations 
where there are few, if any, external draft resistances, 
such as in smelters, kilns, ete. 

Chimneys are often spoken of as being ‘‘over- 
loaded.’’ This condition is due to the fact that either 
too large a quantity of gases is being passed on to the 
chimney by the boilers, thereby increasing the friction 
loss in the chimney and, as a consequence, lowering 
the available draft intensity to the point where it can- 
not overcome the total dynamic draft, or, the total 
dynamic draft (the sum of the various losses of draft 
throughout the entire installation outside of the chim- 
ney itself) may be greater than the available draft 
created with the amount of gases actually flowing. 
In both cases the available draft intensity is dimin- 
rshed, or ‘‘pulled down,’’ to the point where the 
chimney is totally incapable of performing the service 
intended of it. This condition is due to the fact that 
the chimney size has been improperly selected, or 
badly proportioned, or, if properly selected or propor- 
tioned, the operating conditions for which it was 
originally intended may have been changed. 


It must be remembered at all times that a natural-- 


draft chimney cannot by any possible means rise above 
the arbitrary conditions imposed upon it. If operating 
conditions arise where more dynamic draft is en- 
countered than the chimney is able to create as avail- 
able draft, there are no quick and ready means of in- 
creasing this so-called ‘‘head’’ (available draft) such 
as is possible with a centrifugal fan, or a centrifugal 
pump, by speeding up the driving unit, or by pro- 
viding a rotating element of larger diameter. It is 
possible in most cases, however, to add to the height 
of the chimney and thereby increase both the draft 
and capacity appreciably. 

Increasing the chimney gas temperature to pro- 
vide greater draft and capacity in a chimney is 
analogous to increasing the speed of the driving unit 
to increase the head and capacity in a centrifugal fan 
and a centrifugal pump. Increasing the height of a 
chimney to increase the draft and capacity of a 
chimney is analogous to providing a larger impeller 
to provide a greater head and capacity in a centrifugal 
fan and a centrifugal pump. 

The ‘‘horsepower’’ of the characteristics of a 
natural-draft chimney represents the power input to 
the chimney necessary to effect the draft-capacity 
performance. This horsepower should not be confused 
with the so-called ‘‘boiler horsepower’’ so frequently 
used in connection with chimneys. There is no rela- 
tion between the two. The horsepower of the char- 
acteristics represents the amount of energy, or power, 
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necessary to motivate, or disperse, the gases and is 
analogous to the power (horsepower) supplied by 
the power source of the driving unit of a centrifugal 
fan or pump. ; 

The ‘‘efficiency’’ of the characteristics shows the 
relation between the power output and the power in- 
put of the chimney. It represents the ratio of the 
actual work, done in moving the gases to the total 
work done in dispersing the gases. In other words, 
the efficiency represents the actual work done by the 
chimney to the theoretical power supplied to the 
chimney and corresponds to the efficiency of a cen- 
trifugal fan and a centrifugal pump. 

When compared with the efficiency of both cen- 
trifugal fans and pumps, that of a natural-draft 
chimney is extremely low. This is due not so much 
to any inherent defect in a typical natural-draft sys- 
tem as to the fact that a natural-draft chimney is 
inherently incapable of making the best utilization of 
the heat or energy supplied to it. It must accept 
operating conditions as they exist and make the best 
of them. There is no opportunity to improve any 
part of it in order to improve the efficiency, such 
as is possible with centrifugal fans and pumps. 

The best way to assure a high natural-draft chim- 
ney efficiency is to secure a properly designed and 
proportioned structure when the plant is originally 
built. Since both the height and diameter of a chim- 
ney vary as the velocity of the chimney gases, it can 
be readily seen that there will be as many possible 
and proper sizes of chimney for any one set of operat- 
ing conditions as there are values of velocity to be 
assumed which, from a theoretical standpoint, are 
almost infinite. Of this number of velocities to be 
assumed, however, at least one of them will give a 
size of structure whose cost will be less than that of 
any other size as determined by any other velocity. 
This velocity is called the ‘‘economical velocity’’ and 
its value is based on the assumption that the chimney 
structure whose cost will be least will be the one whose 
product of height and diameter will be least. After 
this economical velocity has been ascertained, it is 
no difficult problem to determine the proper diameter 
and height from the various operating conditions to 


_ which the chimney will be subjected. 
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Another method of arriving at an economical 
chimney size is to attack the problem from the stand- 
point of the maximum efficiency. It can be shown 
that an operating chimney will attain its maximum 
efficiency under certain operating conditions as to 
gas flow, chimney gas temperature, ete. The size can 
then be determined from these operating factors and 
the chimney will operate at its maximum efficiency 
under normal conditions. The sizes as. determined 
from the standpoint of maximum efficiency and those 
ascertained from the economical velocity correspond 
very closely as to height and diameter. 

The importance of the efficiency characteristic lies 
in the fact that it readily locates the best point of 
operation of the chimney so that the best utilization 
ean be gotten out of the heat passed on to it. Expe- 
rience has proven the fact that the great majority 
of natural-draft chimneys are much too large for the 
operating conditions for which they were intended. 
Under normal operating conditions, the chimney oper- 
ates to the right of the peak efficiency. In order to 
compel the chimney to operate more efficiently, it can 
be throttled by the damper, thereby increasing the 
available draft intensity and decreasing the amount 
of gases flowing. In case the location of the ‘‘peak’’ 
of the efficiency curve is known, this throttling pro- 
cedure can be manipulated so that the observed draft 
corresponds with the available-draft intensity cor- 
responding to the peak of the efficiency curve. The 
chimney, then, is in a position to put forth its best 
operation and take the best possible advantage of 
the heat supplied to it. 

When a natural-draft chimney is too small in size 
for the plant operating conditions which it is to 
serve, a serious problem is presented but the situation 
is not altogether hopeless. More available draft can 
be attained by increasing the temperature of the 
chimney gases, this procedure being analogous to 
speeding up the driving unit of a fan or pump, but 
this method of providing more draft is costly and has 
its limitations. A far better course to follow is to 
extend the height of the chimney to such a point that 
it will produce the proper requirements as to per- 
formance. Extending the height of a natural-draft 
chimney produces the same results, in effect, as supply- 
ing a new impeller to a fan or a pump. This is an 
opportunity which is much overlooked by many plants 
which find themselves deficient in draft requirements. 
In altogether too many cases, needless expense has 
been resorted to by installing forced or induced draft 
apparatus in the plant as an auxiliary to the natural- 
draft system, in order to overcome this deficiency. 
A less expensive, more efficient and better adaptable 
method is to alter the height of the chimney itself. 

Extending the height of a natural-draft chimney 
effects both the available draft and the capacity of 
the structure and this course is often resorted to 
when there is a nominal lack of draft in the system. 
A typical example will illustrate the effect on the 
performance of an existing chimney after several 
feet have been added to its height. In Fig. 2, curve 
No. 1 gives the draft-capacity relation for a chimney 
175 ft. in height and 6 ft. in diameter and is based 
on a mean atmospheric temperature of 62 deg. F., a 
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chimney gas temperature of 550 deg. F. and sea level 
barometric conditions. Curve No. 2 shows the draft- 
capacity relation for the same operating conditions 
but with 20 ft. added to the height of the chimney— 
the total extended height being 195 ft. These curves 
show that both the available-draft and the capacity 
of the chimney are increased to a perceptible degree. 
For example: for a capacity of 40 lb. per sec., the 
available-draft of the 175 ft. height (shown on curve 
No. 1) is equal to 0.95 in. of water while that of the 
chimney extended to 195 ft. (shown on curve No. 2) 
is 1.06 in. of water, an increase of 0.11 in. of water 
by the addition of 20 ft. to the height. Likewise, 
for an available-draft of 0.95 in. of water, the capacity 
of the 175 ft. chimney is equal to 40 Ib. of gases per 
see. while that of the chimney extended to 195 ft. 
is 46 Ib. per sec., an increase of 6 Ib. per sec. Adding 
20 ft. to the height of the chimney increased the 
available-draft intensity approximately 11 per cent 
and the capacity approximately 15 per cent with the 
same operating conditions. It will be noted that 
both curves originate at the same point of free- 
delivery and that the differential in both draft and 
capacity is increased as the draft increases and the 
capacity decreases. 


It is quite common practice to add from 10 to 15 
ft. to the height of existing chimneys in order to 
provide more draft and capacity and most chimney 
structures will permit of these extensions without 
materially affecting the factor of stability of the struc- 
ure. It is good engineering practice, however, to in- 
vestigate the stability and stresses of the structure 
including the extension. While these extensions add 
very little to the total weight of the chimney struc- 
ture, yet the total moment due to wind pressure is 
increased materially due to the fact that the projected 
area of the extended section is subject to an extremely 
long moment arm. Footing pressures due to weight 
are but slightly effected by any extension up to 25 
to 30 ft. but the toe pressures due to wind moment 
are increased considerably. If the soil underneath 
the chimney structure, however, has a good bearing 
value, these increased toe pressures need not cause 


much concern. Ample values for these maximum toe 


pressures seem to have been assumed as is evidenced 
by the fact that there is no record of a chimney 
structure failing by overturning. 

The maximum extension allowable to the height 
of a chimney structure varies with both the height 
and the diameter. Chimneys with a low ratio of height 
to diameter are subject to longer extensions than 
those with a high ratio. 

In addition to the uses noted heretofore, when 
these natural-draft characteristics are elaborated 
upon, it is possible through them to locate the point 
of maximum available draft and maximum capacity 
of an operating chimney, the chimney gas temperature 
at which the maximum available-draft and maximum 
capacity is attained, the chimney gas temperature at 
which the maximum efficiency is attained and the 
available draft and capacity at which the maximum 
efficiency is attained, all of which have a very im- 
portant bearing on the efficient operation of a natural- 
draft chimney. 
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Economics of High Pressure Steam 


From a wide experience in power plant design, the author analyzes the economics 
of high pressure steam for the Fall meeting of the T.A.P.P.I. Although the analysis is 
based primarily on the paper industry the conclusions are applicable to any industry 
with comparable power and process steam loads while the method of analysis is appli- 
cable to any industry regardless of load conditions. Larger plants justify the use of 
higher pressures and wee wer but only the largest plants concerned primarily with 

i 


the generation of power 


nd real economy in pressures above the 450-850 Ib. range if 


to arrive at a true figure the investment costs as well as fuel economy is considered. 


By A. KOLFLAT 


Mechanical Engineer 
Sargent & Lundy, Inc. 
Chicago, Ill. 


HEN AN AVAILABLE POWER PLANT has 
outgrown its usefulness, either due to insuffi- 
cient capacity or high operating cost, then progressive 
managers and operating engineers naturally raise the 
question: ‘‘What steam pressure is most desirable 
for our contemplated installation when first cost as 
well as operating cost are considered, and reliability 
and ease of operation are not forgotten?’’ When the 
technical magazines feature steam pressures up to 2500 
lb. with topping units and other new ideas, anything 
short of the highest possible steam pressure may seem 
conservative. 

It may be well to emphasize, however, that the use 
of extremely high pressures, even for very large units, 
give only a slim margin of profit over that obtained 
with moderately high pressures, and in some cases are 


sponsored more with the idea of doing pioneering 
work than for the purpose of obtaining additional 


dollar economy. 

Each installation is a problem by itself and can 
only be answered by a careful analysis of the specific 
ease. Even with this reservation, however, it is possible 
to make a general analysis of the problem. With this 
in mind, the economics of high pressure steam will be 
discussed in three sections: Heat economy or fuel 
savings which may be expected; increase in cost of 
equipment as affected by pressures; the combination 
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Fig. |. In this analysis the initial steam temperature is varied with the 
pressure, from a base value of 150 Ib. ga., 450 deg. F. so as fo give 
a constant Rankine cycle ratio of 0.70. The superheat and heat content 
curves for any pressure have been added for convenience. With the 
assumption of constant (70 per cent) efficiency, the difference in heat 
content between any two pressures is a direct measure of the work 
done by the turbine between these pressure ranges. Water rates 
calculated in this way are plotted in Fig. 2 
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of fuel cost and annual fixed charges to give the annual 
combined cost. The analysis is based on a paper mill, 
but obviously is applicable to any industrial plant with 
comparable steam and power requirements, while the 
method of analysis is basic and applicable to any plant. 


1. Heat Economy or Hie Pressure STEAM 


In the average paper mill, most of the process steam 
is used for paper machine drying at a pressure which 
varies between 5 and 35 lb. ga., depending on the 
paper grade, thickness, ete. Another major propor- 
tion of the steam is used for cooking in digesters, 
where the steam pressure requirements vary between 
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Fig. 2. Water rates calculated on the basis of 70 per cent turbine 

efficiency and 95 per cent generator efficiency for different throttle 

and exhaust conditions, Exhaust pressures are indicated on each curve 

while throttle pressures and temperatures bear the same relations as 
in the steam temperature curve of Fig. | 


70 and 120 lb. ga. These pressures are mainly deter- 
mined by technological requirements of the process. 
The older plants were usually designed for steam 
pressures of 100 to 150 Ib., as this gave a comfortable 
margin between the boiler pressure and the highest 
process pressure used in the plant. 

If all of the steam from the engines or turbines is 
used in the process, then the fuel requirement for the 
generation of by-product power is roughly one-third 
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General conclusions as to the most economical 
steam pressure for paper mill power plants: 

For a new plant with approximately 2500 kw. turbine 
capacity and approximately 75,000 Ib. per hr. steaming 
capacity, the most economical steam pressure is be- 
tween 400 and 450 lb. ga. 

With a turbine room nt of 5000 kw. and a 
boiler room steaming capacity of approximately 150,- 
000 Ib. per hr., the most i = tt pressure is 
between 600 and 650 Ib. ga., but the net annual saving 
after allowing for fixed charges over that which would 
be obtained with the 450 |b. ga. installation is small. 

With a turbine room capacity of approximately 
12,500 kw. and a boiler room capacity of 375,000 Ib. 
per hr. the maximum economy is obtained with a steam 
pressure approximating 850 ib. ga., but the net savings 
over 650 Ib. ga. are small. 





of the fuel requirement for condensing power. In 
few cases are the ratios between power and process 
steam such that all of the power required can be made 
as ‘‘by-product’’ power. Part of it usually has to be 
made condensing. 

Full advantage of increase in steam pressure is not 
obtained, unless the steam temperature is increased 
simultaneously with the pressure so this analysis is 
based on a gradual increase in steam temperature from 
150 lb., 450 deg. F., as shown in Fig. 1. 

There is a definite reason for the use of 150 lb., 
450 deg. F. as an ‘‘anchor point.’’ Most of the paper 
mills have a steam distribution piping system with 
east iron fittings and valves, and this material should 
not continually be subjected to temperatures above 
this limit. The selection of this temperature-pressure 
relationship is also well suited to the difference proc- 
esses involved. Variation in temperature and pressure 
relationships from that assumed in this paper does not, 
however, materially affect the results. 

The steam rates in pounds of steam per kilowatt 
hour of power generated for turbines operating at 
various pressure conditions have been calculated on 
a constant turbine efficiency, as shown in Fig. 2. The 
efficiency of a steam turbine, or its ability to utilize 
the available heat head, decreases with decreasing 
turbine size because internal friction, blade leakage 
losses and other loss items, represent a larger and 
larger proportion. Figure 3 shows turbine efficiencies 
for three sizes of units: namely, 1000 kw., 3000 kw. 
and 7500 kw., both for condensing and back pressure 
machines with variable back pressure. There are four 
eurves for each turbine size and for exhaust conditions 
as marked on the curves. With increase in turbine size 
to 15,000 or 20,000 kw., the efficiency will, of course, 
remain more constant with increase in pressure, but 
turbines of this size are somewhat outside the scope of 
this paper. 

The adoption of high steam pressure for industrial 
turbines usually leads to the use of ‘‘automatic extrac- 
tion’’ for pressure control. This type of turbine is 
designed so that a variable amount of steam can be 
extracted for process uses at any desired intermediate 
pressure which can be maintained constant at all 
loads. Here, as in everything else, a benefit is not 
obtained without some sacrifice, and the full load 
turbine efficiencies as shown in Fig. 3 will be reduced 
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approximately 3 per cent for each extraction opening, 
and the half load efficiency will be reduced by 6 per 
cent. This characteristic of the automatic extraction 
turbine is often lost sight of. Caution should there- 
fore be used in specifying operating conditions for 
turbines with automatic extraction openings, so that 
the turbine designer can adapt the machine as much 
as possible to the average steam flow conditions pre- 
vailing in the particular plant. When a number of 
extraction pressures are desired, a better overall tur- 
bine room efficiency will usually be obtained if these 
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Fig. 3. Water rates in Fig. 2 are based on a constant turbine efficiency 
of 70 per cent. Turbine efficiencies vary, however, with the size of 
unit as well as with the throttle conditions and exhaust pressures. 
Curves above show basic efficiency data for three size turbo-generator 
units at four different exhaust pressures. All curves are based on a 
constant superheat of 200 deg. F. and no allowance has been made 
for automatic extraction which causes a 3 to 6 per cent drop in 
efficiency for each extraction opening. Relative heat rates corrected 
for boiler feed pump power and steam temperature are given in Fig. 4 


openings are divided between different machines 
instead of designing each machine for more than one 
automatic extraction opening. 

There is one more factor which should be specifi- 
cally mentioned and that is the effect of boiler feed 
pump power. As the steam pressure increases, the 
power requirement of the boiler feed pump increases 
in direct proportion ; and for 600 lb. and higher steam 
pressures it is an important factor. 

The lower curve in Figure No. 4 represents the 
theoretical improvement in fuel requirement in relation 
to pressure, assuming constant turbine efficiency and 
without correction for boiler feed pump power. The 
three upper curves show the actual fuel ratios for vari- 
ous pressures. These three curves have been corrected 
for variation in turbine efficiency, steam temperature, 
and boiler feed pump power, and represent the heat 
economy which will be effected when the pressures and 
temperatures are increased. 
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Fig. 4. Relative overall heat rates for various pressures in three 

different sizes of two unit plants. Curves have been adjusted for boiler 

feed pump power, turbine efficiencies and throttle temperature vari- 
ations from the constant 200 deg. F. superheat assumed in Fig. 3 


II. Cost or EQuirpMENT 


The preceding discussion has only dealt with the 
credit side of increasing the steam pressure and the 
effect on heat and fuel economy. On the debit side, 
the cost of equipment is increased with increase in 


pressure, and it naturally comes to a point where the - 


fixed charges and interest on the increased cost of 
equipment offset the gain in heat economy for the 
particular installation. 

Figure 5 shows the variation in boiler cost, in 
dollars per pound hourly steam generating capacity 
with varying pressures and sizes of boilers. The 
boiler cost curves have not been extended beyond the 
850 lb. pressure range, as above this range boilers 
have not developed to a commercial standard and the 
price situation is rather indefinite. These cost curves 
show the trend with variation in pressures, but the 
actual boiler cost varies considerably with the market 
situation as well as with the type of equipment 
selected. 
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Fig. 5. Cost of different size steam generating units for different 
pressures and for 750 deg. F. total temperature. Costs are given in 
dollars per pound of steaming capacity and include fuel burning 
equipment 
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Figure 6 shows the cost of standard turbo-gener- 
ators of different sizes and for various steam condi- 
tions. Piping and auxiliary equipment, such as boiler 
feed pumps and steam specialties, represent a large 
part of the plant cost. It is difficult to establish a 
definite relationship between cost and pressure for 
these items, as prices are more dependent on the type 
of equipment selected than on pressure. Figure 7 
gives a general picture of the variations in power 
plant first costs with different steam pressures, in- 
eluding all the equipment involved, and for three 
different sizes of plants. The complete plant costs 
have been segregated in the different main items in 
order to show their relative importance. 

It should be kept in mind that these figures rep- 
resent complete plant costs and that in many cases 
the actual costs will be considerably reduced due 
to use of existing buildings or other facilities, but 
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even if this changes the total cost figures, it does not 
materially affect the relationship between pressures. 


III. ANNUAL Fuet Cost anp FIxep CHARGES 


Relative improvement in heat economy for differ- 
ent steam pressures, as well as the first cost of power 
plant, has been analyzed and it remains to combine 
the annual fixed charges and fuel cost in order to 
obtain a final comparison. 

There is considerable difference of opinion as to 
what constitutes a proper percentage for fixed capital 
charges, which cover interest, depreciation, insurance, 
and taxes. Commonly used figures vary between 11 
and 15 per cent per year on the total capital expendi- 
ture, while in some special cases higher figures are 
used due to future uncertainties. 

The annual fixed charges and fuel costs are shown 
in Fig. 8 for three sizes of plants. It will be noticed 
that as the steam pressure is’ increased, the combined 
annual eost goes down and reaches a minimum at a 
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Fig. 7. Breakdown 
of construction costs 
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of three complete 
turbine and boiler 
plants for various 
steam pressures. All 
plants designed for 
two turbines and two 
boilers with sufficient 
condenser capacity 
to carry about half 
of the generating 
capacity 
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certain pressure which is different for each size of 
plant, and if the pressure is increased further, the 
combined cost starts going up again. 

The estimated annual fuel costs are based on two 
different prices of coal, both with a heat value of 
13,300 B.t.u. per pound; one taken at $4.00 per ton 
delivered, corresponding to 15 ct. per million B.t.u.; 
and one taken at $2.67 per ton, corresponding to 10 
et. per million B.t.u. 

It has further been assumed that the annual ¢ca- 
pacity factor, that is the ratio of average load to full 
capacity approximates 70 per cent both for turbines 
and boilers, and that process steam and power re- 
quirements follow the same ratios for all plants. Varia- 
tions from these assumptions may affect the actual 
annual fuel cost considerably, but they will not ma- 
terially change the relationship of the different pres- 
sures, and the final comparisons of annual costs have 
therefore been expressed in dollars. 


OPERATING LABOR 


Operating labor and maintenance costs have not 
been included as they are more affected by the local 
conditions than by pressure; but it should be borne 
in mind that both of these items will have a tendency 
to increase with increase in pressure even if they are 
not large enough to be a determining factor in the 
selection of plant steam pressure. 

No attempt will be made to divide the annual fuel 
cost and fixed charges between power cost and process 
steam cost. For a given plant it is fairly easy to 
divide the fuel cost between power and process steam 
if one makes the assumption that all process heat is 
charged at full heat value, or, in other words, that the 
generation of power gets the entire credit for the 
savings of ‘‘by-product power generation,’’ but if 
these ‘‘mutual’’ fuel savings are to be divided be- 
tween process steam and power, then the question can 
only be settled by an arbitrary division. It is difficult 
to properly allocate fixed charges on the power plant 
between power and process steam, as one also must 
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estimate what the plant would have cost if there were 
no power generation, and in this case the boiler plant 
would be of entirely different design. 

The relative merits of different steam pressures 
and the savings estimated in this paper are all based 
on the assumption that new and up to date equipment 
is installed. Naturally, if the savings are computed 
in relation to existing inefficient plants operated at 
low pressures, they will be considerably higher than 
those indicated above, and such savings must be esti- 
mated for each case. 
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different sized plants as a function of steam pressures. Notice that 
the curves are drawn for two rates of fixed charges, 12 and 15 per cent, 
and two fuel costs 
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General use of fuel oil for combustion purposes 
in plants, has prompted many questions as to the 
proper heating and piping conditions for pump- 
ing and successful atomizing of the heavy oils. 
This paper discusses the piping flow problem. 


Piping Flow Conditions 
of Industrial Fuel Oil 


By E. G. Roberts, 


Mechanical Engineering Dept. 
Howard University 


UNDAMENTAL facts about fuel oil must essen- 

tially receive first consideration for the flow depends 
upon the fluid characteristics. The Fanning equation for 
pressure drop, Formula 1, is useful only for fluids 
where the density remains constant. Fuel oil and other 
viscous fluids expand as the temperature increases. 
Temperature changes during flow conditions, however, 
are very small, and for ordinary pipe line conditions, 
it may be considered a constant temperature condition. 
Temperature changes may occur due to irregular heat- 
ing of the oil, creating a change in the viscosity or in- 
ternal friction between layers of the oil. It is, there- 


fore, necessary to know the viscosity-temperature rela- 


tionship for a given fuel oil throughout the temperature 
range anticipated in service. 

Where the pressure drop is a large percentage of 
the initial pressure, with temperature constant, there 
will be no consequent change in the density of the fuel 
oil. Piping pressures used in fuel oil lines have slight 
effect on the viscosity, and it is usually unnecessary 
to take into account the increase in viscosity due to 
moderate increases in pressure. 

Formula 1 is quite satisfactory for use in investi- 
gating general fuel oil flow problems. 

The usually approved method of expressing the 
gravity of oil is in degrees Baumé as determined by 
hydrometer test. Relation of the scale to specific grav- 
ity is more generally expressed by Formula 2a, known 
as the American Petroleum Institute scale. For liquids 
heavier than water a single Baumé scale is in use and 
its relation to specific gravity is expressed by Formula 
2b. 

Coefficient of expansion of heavy fuel oil is gen- 
erally accepted as 0.0004 cu. ft. per deg. F. A change 
in volume, or density, with a given change in temper- 
ature, can be obtained through the use of Formula 3. 
The density will be the reciprocal of the volume. 


Friction Factor CHART 


Flow of oil in pipe lines is largely indicated by the 
viscosity of the fluid and the velocity of flow for a given 
pressure drop in a given pipe size. Viscosity, the ten- 
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dency of unit layers of oil of unit-depth and width to 
slide by each other, is essentially an internal fluid 
shearing force. A measure of this force is defined by 
the ratio of the shearing force between a given oil layer 
divided by the velocity gradient over the depth of the 
oil layer. This ratio is the coefficient of absolute vis- 
cosity, often abbreviated, absolute viscosity. Kinematic 
viscosity, a useful mathematical expression in piping 
problems, is defined as the coefficient of absolute vis- 
eosity divided by the density of the oil Formula 4 in a 
consistent system of units. 

The viscosity of oil is determined by a viscosimeter, 
of which there are several standard makes, Saybolt, 
Redwood, and Engler. The Saybolt instrument is most 
widely used in the United States. The Saybolt Uni- 
versal measures the time of efflux in seconds of a given 
quantity of oil, flowing out of an orifice of specified 
size. The oil is maintained at a fixed temperature. The 
mathematical expression for the relation between kine- 
matic viscosities and time of efflux is given in Formula 
5. Saybolt Furol is a scale, used for indicating time 
ratios of the heavier industrial oils. Its values are 
approximately one-tenth the value of corresponding 
Saybolt Universal reading. 

Reynold’s numbers, Formula 6, have proved a val- 
uable instrument in the solution of pipe line flow prob- 
lems. It is a dimensionless quantity associating all of 
the physical characteristics affecting the flow of fluid, 
inside diameter, absolute viscosity, velocity and density. 
Charts giving the relation between the friction factor 
and the Reynold’s number have appeared in many 
textbooks and publications. These charts have been 
constructed by different experimenters from analysis 
of fluid flow experiments. In the usual procedure in 
piping problems, the Reynold’s number is computed 
DVr 

. The 
u 
friction factor ‘‘f’’, having this Reynold’s number, 
ean be found by referring to the accompanying curve. 
This friction factor is then used in the Fanning equa- 
tion, Formula 1, to compute the pressure drop. 


for given flow conditions by Formula 6, R = 
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It is evident that a direct solution of an oil flow 
problem is obtained only if the pressure drop is to be 
determined for a known flow and pipe size. Otherwise, 
if the pressure drop is known, and either the pipe size 
or velocity is to be computed, cut and try methods must 
be used. 

Reynold’s number is a criterion. For values less 
than 2000, the flow is laminar, and for valves above 
3000 the flow is turbulent. In the critical region be- 
tween 2000 and 3000, the flow is uncertain and may be 
either laminar or turbulent. When designing a pipe 
line, it is desirable to bring the flow into the laminar 
region. If the computations indicate that the flow is 
within the critical range, or otherwise, assume turbulent 
flow conditions throughout the critical region to be on 
the safe side in determining the expected pressure drop. 

The viscosity of fuel oil, as with other oils, is 
markedly decreased by raising the temperature. For 
such a relationship between viscosity and temperature, 
charts from reliable sources should be obtained for the 
particular oil. With different viscosity readings be- 
tween fixed temperature ranges, occuring with oils of 
different grades and from different geographical sec- 
tions, the computations will be of no real value unless 
this important step is taken. 


FLow witH CHANGING VELOCITY 


Any fluid flowing in a pipe, forced to undergo 
changes in velocity or velocity distribution, will have 
a loss of energy, or head. At the entrance to pipe lines, 
at enlargements, contractions, or obstructions, i.e., 
valves, fittings, and at bends the change in velocity or 


velocity distribution across the pipe section create 
losses which in many cases comprise a large percentage 
of the total loss and cause a considerable part of the 
resistance to flow. 

Irregular shapes of valves and seats in partially 
opened valves will produce eddies that continue down 


the pipe line a considerable distance. This is the major 
reason for importance of the proper selection of types 
of valves in fuel oil lines. Furthermore, similar eddies 
or secondary motion of the oil ean be created in short 


radius pipe bends. The flow may be computed as 
laminar, but the secondary motions, as described above, 
may occur so frequently in pipe lines, that the flow will 
actually be turbulent, and the resistance to flow will 
rise considerably. 

The circumstances under which these conditions 
will arise during laminar flow, are eminent when the 
flowing fuel oil has the fluidity of water, at Reynold’s 
numbers up to 2000. At Reynold’s numbers, below 
1000, the flow is viscous and laminar. It is improbable 
under these latter circumstances that the secondary 
motions, created by flow past fittings, will change the 
flow from laminar to turbulent, the viscousness of the 
oil will serve to dampen out the eddy formations. With 
low Reynold’s numbers, however, the resistance of the 
pipe line, including all fittings is mueh greater, requir- 
ing a greatly increased pressure to maintain proper 
flow. 

Experimental determinations of lost head in fit- 
tings in piping, usually are indicated by Formula 7, or 
they are taken directly from tables in terms of equiv- 
alent length of straight pipe expressed in pipe diam- 
eters. Usually values used for water are applicable to 
viscous liquids (See table). This assumption is correct 
only when the fluidity between the water and the vis- 
cous liquid, fuel oil in this case, is the same. A param- 
eter for indicating identical fluidity of two different 
fluids under similar conditions of flow, is the Reynold’s 
number, which must be constant for both cases. This 
mathematical expression of similarity assures a dy- 
namic similarity of flow conditions, for two different 
conditions of flow. The table giving this loss of 
head should be used with this thought always kept in 
mind. 

With the heavy industrial fuel oil, the problem is 
one of preparing the oil, by heating, first to provide a 
degree of fluidity satisfactory, for reducing frictional 
resistance to flow, for proper and economical pumping 
purposes, and secondly, to provide by additional heat- 
ing, a fluid state bordering the range of high volatility 
for proper atomization of fuel oil prior to the burning 
process. This article is primarily concerned with the 
first step. 





10 


D=DIAMETER,FEET 





0.6 


V= VELOCITY ,FEET / SEC. 





r= DENSITY, LB / CU. FT. 





0.4 


0.2 


IPES- u = VISCOSITY, LB / FT./ SEC. ; 
We: WEIGHT RATE OF DISCHARGE, LB / SEC. 
m= HYDRAULIC RADIUS, FT. 





G: W/S=Vr 
S= CROSS-SECTION, SQ. FT 
ne DIAMETER, INCHES 








0.08 


= SPECIFIC GRAVITY 








Friction Factor versus 


2: VISCOSITY, CENTIPOISES 





Reynold's Number 





Re=D0G/u IN CONSISTENT UNITS 











N 


UN Fs 






































HAGEN ~POISEUVILLE 


Sos 




















STREAM LINE FLOW IN 








CIRCULAR PIPES ONLY 


~. 

















N 





K= ALWAYS: STREAM 
LINE FLOW 


——USUALLY 







































































Y TURBULEN = SMOOTH TUBES(GLASS 











LIT 


COPPER, MOST DRAWN 
TUBING 05" TO 5" 



































| 





REYNOLDS ‘NUMBER, Re = 


CHICAGO, APRIL, 1939 


MNCL | Piste 


pa 4w_. 4mG +7728 O'Vs 
_ Z 








FORMULA FOR USE * wer PROBLEMS. 
Fanning Equation: dp = 
1418 
141.5 ee deg. 





. Specific gravity — 





. Spec. gravity — 
145 — Baumé deg. 
V = Vi (1 + 0.0004 dt). 
u 
K —— = poises/gram/cu.cm. 
r 
K — 0.0022s’ — 1.80/s’, poises. 
Reynold’s number = DVr/u, dimensionless. 


Friction a in fittings = fh = K Vo/oe, feet. K given in 
Table 1 


Friction factor for laminar flow: 


16 
f = 16u/DVr = — 
R 


SYMBOLS (f.p.s. system of units) 


Inside diameter, feet. 

Inside diameter, inches. 

Weight velocity, lb./hr./sq. ft. of cross section. 

Weight velocity, lb./hr./sq. ft. of cross section. 

Equivalent length of pipe (includes loss due to fittings, 
bends, entrances, etc.), 

Cross sectional =. pipe, sq. ft. 

Temperature, deg. F. abs. 

Overall coefficient of heat transfer, B.t.u./hr./sq. ft./°F. 

Inside pipe area, sq. ft. 

Velocity of fluid, ft./hr. 

Quantity of fluid yA cu. ft./sec. 

Velocity of fluid, ft./sec. 

Weight rate of pts lb./hr, 

Specific heat, B.t.u./lb./°F 

Friction factor in Fanning Equation. 

Pressure, atmosphere. 

Temperature, °F. 

Temperature difference, °F. 

Acceleration due to gravity, 32.2 ft./sec./sec. 

Specific Gravity. 

Time, seconds. 

Kinematic viscosity, poises—centipoises—lb./hr./ft. 

Absolute viscosity, ib. /sec./ft. 

Density, 1b./cu. ft. 

Specific volume, cu. ft. Sa = 2/e: 


, dimensionless quantity. 


: 


QaA0O 


Reynold’s number, 


3 oD STERRARACHMORSOSP CHU 


Hydraulic radius, = cross section area + wetted 


perimeter, = d/4 round pipe, 


LOSS OF HEAD IN VALVES AND FITTINGS! 
Loss of head 
as Equivalent 
length of 
Loss of head straight pipe, 
as multiple of diam. 
V2/2¢ Pipe diameters 
Square edged entry 0.50 20 
Entry like Borda’s mouth- 
piece 1.00 40 
Rounded entry or very large 
radius bends 0.0 to 0.05 
90 deg. curves, smooth, same 
diameter as inside pipe. 
Center line radius — di- 
ameter of pipe 3 20 
Center line radius = 2 to 
8 diameters f 10 
90 deg. elbows common 
screw, short turn 3 30 
Tees, common screw end, 
full size branch ; 60 
Square elbow, intersection 
of two cylinders J 50 
Meters: 
Disc or wobble type 135 to 400 
Rotary 400 
Reciprocating piston .... 600 
Turbine wheel type 
(double flow) 200 to 300 


1Reference: Mark’s Handbook. 


CONVERSION FACTORS FOR — FROM C.G.S. 
TO F.P.S. SYSTE 


eae in centipoises + 100 = oe in poises = gms, 
sec./cm. 

Viscosity in centipoises X 0.000672 = viscosity in lb. i. /tt. 
Viscosity in centipoises X 2.42 = viscosity in 1b./hr./ft 
Viscosity in centipoises X 3.60 = viscosity in Kg./hr./meter. 


CONSISTENT UNITS FOR DIMENSIONLESS 
REYNOLD’S NUMBER 
baie “tad 
>. jeee. /ft. 
gm. Leap bon a 


gm./hr./cm. 
Kg./hr./m. ee 


Dvr 
ee 


u 
Np. units 


Mass Velocity 
= Vr 


Ib. /sec. 73a. £t. 
1b./hr./sq. ft. 
gm./sec./sq. cm. 
gm./hr./sq. cm. 
Kg./hr./sq. cm. 





CoNSISTENT UNITS 


Units to be employed in pipe line flow problems 


must be understood before the problems can be ap- 
proached. A state of confusion has existed in trans- 
ferring units of the foot-pound-second system (f.p.s.) 
to centigrade-gram-second system (c.g.s.) and vice 
versa. Viscosity units are especially confusing because 
their absolute value is usually expressed in poises, or 
centi-poises, i.e., ¢.g.s. system units and then must be 
used in f.p.s. system units. In using either system, one 
must be consistent and adhere to the one system. Usu- 
ally engineers use the f.p.s. system of units. For 
assistance in this work a series of symbols, in f.p.s. 
units and their meanings are given here. Also, con- 
version factors for ready transference from one system 
to the other are given. 

The numerical value of any dimensionless quantity 
is independent of the units employed, if a consistent 
system of units is used. In the flow of fuel oil of con- 
stant temperature, having a density of 56.0 lb. per cu. 
ft. and a viscosity of 0.0056 lb. per sec. per ft., at an 
average velocity of 5 ft. per sec., through a pipe having 
an inside diameter of 0.0833 ft., the Reynold’s criterion 
may be determined. Using these f.p.s. system of units, 

DVr (0.0833) (5.0) (56.0) 
=>=—_ = == 4165. 
u 0.0056 
the above values are converted to units in the c¢.g.s. 
DVr_ (2.54) (152.5) (0.898) 
system, R =—=—— = = 4165. 
u 8.33 


If each of 
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In both cases, the examples have been worked out with 
a consistent system of units. This principle holds true 
in all problems involving flow conditions, where the 
groups may be dimensional or dimensionless, and of a 
more complex origin. 


PROBLEM EXAMPLE 
500 gallons of heavy fuel oil per hour, flowing at 
constant rate and uniform temperature, in a one inch 
suction line between storage tanks and pumps. Oil has 
specifie gravity at 60 deg. F. of 0.89. Saybolt viscosity 
220 seconds. Problem worked in f.p.s. system of units. 
u 1.80 
Formula 4, K =—;u—r{ 0.0022s’—-——_-_ = 
r s’ 
1.80 
0.0022 «x 220 — —— 
220 
u = 0.423 poises X 100 X 2.42 = 102.3 lb/hr/ft. 
The velocity of flow in 1 inch pipe, inside diameter of 
Q 500 x 4 «144 
1.05 inches is; V = — = 
A 7.5 <X 3600 X x (1.05)? 
3.14 feet per second. Reynold’s Number is R = 
DVr_ 1.05 X 3.14 & 3600 X .89 X 62.5 


0.89 = 0.423 





u 12 X 102.3 
540, thus the flow is laminar, therefore, using Formula 
16 16 


8, the friction factor of f = — 





= 0.0296. 
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Placing this quantity in Formula 1, Fanning equation 
for pressure drop (lb./sq. in.) for equivalent length .of 
100 feet. 
2frV?L 
dp = — = 
gD 32.2 0.0875 x 144 
dp = 8.10 lb./sq. in./100 ft. 

In continuous operation over a period of time, the 
steel pipe may corrode, also the sediment deposits from 
the oil may settle in the pipe line and restrict the flow 
conditions. With a small size pipe, the change of pres- 
sure, due to increased flow resistance, would be very 
high. It could actually stop the oil flow in time because 
of prohibitive pressure drops in a given length of line. 
It would be safer to investigate flow conditions for 
larger pipes. As shown below, 2-in. pipe line would be 
satisfactory. 


2X 0.0296 X.89 x 62.5 x (3.14)? 100 





Pressure 
drop per Equiva- 
Reynold’s lent 100 ft. pipe 
number Ibs./sq. inch 


540 8.10 
336 2.54 
271 0.55 


Pipe 
size Velocity 
inch ft./sec. “Ee 


1 3.14 .0296 
1% 1.275 .0476 
2 0.773 .059 


Actual 
diam. 
inch 
1.05 
1.61 


2.07 


F Low or Fuet Ow at DirFeRENT TEMPERATURES 
FROM TANK 


Oftentimes the heating coils in the oil storage tanks, 
heat the fuel oil to various temperatures, dependent on 
control of heat supplied and the quantity of oil stored. 
It has been established that 300 Saybolt Furol (approxi- 
mately 3000 S.8.U.) is the proper viscosity for pumping 
Bunker No. C. fuel oil. Referring to a viscosity-tem- 
perature chart, published February, 1938, Power 
PLANT ENGINEERING, page 113, for temperature-viscos- 
ity relations for Bunker No. C oil, it is found that the 
viscosity is as follows for the given temperatures: 


Saybolt 
Furol 


875 


Approximate 
Saybolt Universal 


8750 


Temp. 
100° F. 
122° F. 300 3000 
150° F. 110 1100 


Based on given conditions and methods of the pre- 
vious example, the pressure drop would vary with tem- 
perature as follows for a given pipe size of 4 in.: 

Pressure 
per 3 

100 ft. pipe 

1b. /sq. in. 


15.62 


Velocity 
ft./sec. 


2.09 


Temp. 
Deg. F. Number 


100 34.0 
2.09 .162 122 98.9 58.5 5.33 
2.09 .0593 150 270.0 58.0 1.93 


This table gives a clear picture of the reason for 
heating Bunker No. C fuel oil at least to 122 deg. F., at 
tanks before it flows along the suction line to pumps. 
Between 122 and 150 deg. F., the increasing oil tem- 
perature decreases pressure drop, it is true, but it can 
be shown that the slight reduction in frictional resist- 
ance is obtained at the expense of large additional 
quantities of heat. 

The discussion has been definitely related to fuel oil 
piping, but it is hoped that the procedure will em- 
phasize the problem of piping viscous liquids, in gen- 
eral. A very careful analysis of each installation is 
necessary to secure efficient and economical piping ar- 
rangements. Heating the oil for proper atomization 
introduces even more painstaking consideration. A 
discussion of this subject will be given at a later date. 


Reynold’s Density 
Ib./c.f. 


470 59.1 
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Oil Coolers— 
Before and After 


AINTENANCE of high heat transfer and low 

pressure losses in closed heat exchangers depend 
primarily on clean surfaces by the periodic removal 
of scale, sludge and carbonaceous deposits. The top 
photograph shows the tube bundle of one of four oil 
coolers after removal from service in a large midwestern 
power station. 


Photo courtesy Oakite Products, Inc. 


Sludge and a 1/16 in. layer of carbon decreased the efficiency of this 
oil cooler. When cleaned as shown by the lower photo the temperature 
of the oil leaving the unit dropped from 150 to 103 deg. F. 


The lower photograph shows how the tube bundle 
looked after the sludge and a 1/16 in. of carbon was 
removed by the circulation method. A solution made 
with an oil soluble emulsifier and kerosene was circu- 
lated from a 500 gal. overhead by a centrifugal pump 
at the rate of 300 g.p.m. for 8 hr. The solution was 
heated to 130 deg. F. by means of steam on the water 
side. The photographs, unusual because by this meth- 
od the coolers are not dismantled for cleaning, were 
made possible only because the plant officials wanted 
visual evidence that the cleaning was effective. 


Propucep by igniting a mixture of oxygen and 
acetylene, oxy-acetylene flame yields an incredibly 
intense heat of approximately 6000 deg. F. Con- 
trolled by a blowpipe, this flame is used today for 
hundreds of welding and cutting operations. In 
welding it readily fuses two pieces of metal into a 
single, seamless piece, while in cutting, it can, by 
the addition of a jet of oxygen, instantly cut through 
heavy sections of steel and iron. 
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Part III* In this final installment of this discussion on power 
plant practice in the textile industry, the author considers 
the wool fibre section of the industry. In this division, the 
ratio of process steam and power consumption is not so 
favorable for power generation but still sufficient to justify 
the operation of private power plants in many instances, 


Modernization Trends 
in Textile Mill Power Plants 


By M. K. BRYAN 


Chas. T. Main, Inc. 
Boston, Massachusetts 


EAVING THE COTTON section of the industry 


and considering the wool fibre section, the ratio- 


of process steam and power consumption is not so fav- 
orable. Also, the size of the plants, i.e., power and 
steam requirements, are in the majority of instances 
smaller than in the cotton fabric division. Smaller 
capacity units cost proportionately more than large 
units and this imposes a financial hardship upon the 
remodeling of these plants. The less favorable ratio 
of steam and power imposes a need for higher pres- 
sures to effect a steam balance and accomplish the 
ultimate in low operating costs. 

The margin in sales price at which business is taken 
or refused is wider in the woolens than for cottons, 
so that power and steam cost are not as effective in 
maintaining a competitive position as is the case with 
cottons. 

Regardless of these handicaps to power station 
modernization of the wool-fibre mills, there is a trend 
toward improvement in these plants. This is compar- 
able in fundamentals with that illustrated by examples 
described for the cotton mills. 

The majority of changes in boiler plant equipment 
apply the policy of installing one high-efficiency steam 
generating unit to operate at a high load factor and 
carry a large percentage of the load, in order to 
realize the maximum of fuel savings with the mini- 
mum of investment. 

This practice has been carried into small mills to 


*Parts I and II appeared on p. 104 of the February issue and 
p. 178 of the March 1939 issues respectively. 
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advantage. The type of boilers chosen is distinctly 
away from the horizontal return tubular, which was 
predominantly chosen by the small mills until about 
ten years ago, to the curved water tube type. 

Typically illustrative of this policy is the change 
made in a small woolen mill about four years ago. 
This plant, operating three hand fired, horizontal re- 
turn tubular boilers at 150 lb. pressure, 100 deg. F. 
superheat, and a 500 kw. bleeder condensing turbine, 
all about fourteen years old, needed additional steam 
generating capacity. 

The least expensive way of providing this was with 
a pulverized-coal-fired, curved tube type of water tube 
boiler. This installation cost more than another 
H.R.T. unit, but the increment of extra investment 
was easily justified by the savings in coal consumed 
by the plant. The new unit was a low-head, three- 
drum boiler with air cooled suspended block furnace 
walls, partially water cooled, designed for 225 lb. 
pressure with 125 deg. F. superheat. There was one 
pulverizer and burner. The forced draft fan takes 
air through the furnace walls and from under the fur- 
nace floor. The continuous steam generating capacity 
of the unit is 17,000 lb. of steam per hour. The com- 
plete cost of the installation, including coal handling 
equipment, coal scales, and minor building roof 
changes, was $1.70 per lb. of steam generating capac- 
ity. This unit has generated about two-thirds of the 
steam used in the mill for the past three years with 
attractive savings in coal. 

Superimposed installations are practical in the 
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larger plants. A recent installation in a complete 
worsted mill can be described to illustrate the pos- 
sibilities in this respect. 

This plant, one of the larger mills, has generated 
all power and steam since its origin about 40 yr. ago. 
The management has been progressive and abreast of 
steam and power developments. The first boilers were 
Manning type, 160 lb. pressure, equipped with econ- 
omizers and fired by overfeed-stokers. After a few 
years, about 1906-1910, these boilers were refitted 
with Taylor underfeed-stokers. Steam turbines were 
installed in 1905 and extraction of steam for process 
purposes was used. In 1916-1921 the boiler equip- 
ment was changed and, in place of the Mannings, 
long drum, B & W, forged header boilers and super- 
heaters, 210 lb., 500 deg. F. total temperature, and 
Taylor and Riley multi-retort stokers were installed. 
During this period, two 7500 kw. General Electric 
steam turbine-generator sets were added and the old 
vertical turbine sets were discontinued excepting for 
emergency spare service. In 1932 a 3000 kw. double 
extraction condensing turbine-generator unit was in- 
stalled with split condenser, one section being for the 
partial heating of process water. 

From 1932 to 1937, the year of the last addition 
to the power plant, operations were carried on with 
the stoker-fired B & W boilers and the 3000 kw. double 
extraction condensing and the 7500 kw. straight con- 
densing turbo-generators, with steam header pressure 
and temperature conditions of 195 lb., 495 deg. F., 
extraction at 125 lb. and 10 lb., and a vacuum 
of 2714 to 28 in. on the large turbines and 27 in. 
on the small turbine. 

The loads on this station, both steam and power, 
vary widely throughout the 24-hr. period and season- 
ally, due to activity in the industry and to weather 
conditions. The mill uses large quantities of hot water, 
the variation in 24 hr. ranging from 250 g.p.m. to 
2000 g.p.m. Considering this change and the variation 


of cold water temperature from 35 deg. F. in winter 
to 78 deg. F. in summer, will throw some light upon 
the range in process heat requirements for ene of the 
mill’s operating departments. The property includes 
a large factory floor area and, consequently, a large 
space heating load, a considerable portion of which is at 
such a distance from the boiler plant that 125 lb. 
pressure steam distribution is necessary. Other heat 
requirements are rapidly variable. The power load is 
reasonably constant for each shift of mill operation 
but the difference between maximum and minimum 
load in 24 hr. is wide. It is not possible at any time 
to predict a close relation between power and steam 
loads. 

The relation of these was such that condenser losses 
were considerable. The plant had an unusually com- 
plete set of records from which the steam loads, dis- 
tribution and process heat requirements could be 
studied in relation to power loads. This study dis- 
closed a large condenser loss which could be reduced 
by using a higher steam pressure, and showed an 
attractive gain to be possible with better steam gen- 
erating efficiency and with firing equipment and fur- 
nace design adaptable to a choice of coals rather than 
restricting coal purchases to a narrow range of char- 
acteristics. 

To take maximum commercial advantage of these 
savings, the proposition most attractive was a super- 
imposed installation. In 1937 a new station was 
started and put into operation early in 1938. This 
development was to be the initial step in a future 
completely modernized plant. The schematic layout 
of the new installation superimposed upon the old is 
shown in Fig. 10. 

The new steam generator was installed in the 
present boiler room after removing two old boilers, 
and the new turbine was installed in the present tur- 
bine room after removing a 5000 kw. vertical unit 
installed in 1907. The new boiler is rated at a con- 
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Fig. 11. Power and steam loads and loss to condenser 


tinuous steam output of 125,000 lb. per hr. at 610 Ib. 
720 deg. F. total temperature at superheater outlet. 
It is a Type F, B & W unit with completely water 
cooled furnace fired by two Type B, B & W pulverizers, 
each with capacity for 80,000 lb. of steam per hr. The 
boiler is equipped with a small economizer and large 
air preheater. Feed temperature entering economizer 
is 320 deg. F. from 125 lb. extraction feed heater 
following a new deaerating heater which delivers 
water to the new feed pumps at 225 deg. F. 

The turbine generator unit is a 3000 kw. General 
Electric machine. It takes steam directly from the 
new boiler unit and exhausts at 195 lb. pressure into 
the old high pressure header. The new turbine is 
paralleled with Smoot reducing valve and desuper- 
heater equipment connecting the new boiler super- 
heater outlet to the old steam header. The steam 
flow through the new turbine at full load, 3000 kw., 
is 121,000 lb. per hr. The new 3000 kw. unit and the 
older one, installed in 1932, can be governed as one 
6000 kw. unit, or can be separately governed as indi- 
vidual units. 

There are two frequencies in this plant, 40 and 60 
cycles. Prior to 1932, when the first 3000 kw. unit 
was installed, all electricity was 40 cycle. At that 
time a definite policy to gradually discontinue 40 
eycle and convert to 60 cycle was adopted and the 
3000 kw. unit was installed in 1932 for 60 cycle gen- 
eration, and about 3000 kw. of load was changed over 
to 60 cycle at that time. 

This required frequency changer units between 
the 40 and 60 eycle buses. In 1937 the new turbine- 
generator was built for 60 cycle operation and addi- 
tional load was changed over from 40 to 60 cycle. 
The condition of two cycles and the change from one 
to the other was a factor in determining the size of 
the new installation. 

The charts, Figs. 11 and 12, and some general fig- 
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ures on loads will assist in visualizing this plant’s 
problem. 


Atend WB. 650-0 eeicn eens 30,000,000 
11,000 kw. 


Percentage of annual kilowatt- 
hours generated by first 3000 kw. 
unit prior to new turbine instal- 
lation 


Percentage of annual kilowatt- 
hours generated by both 3000 kw. 


Peak steam loads: 
280,000 lb. per hr.—Winter 
220,000 lb. per hr.—Summer 
Annual Steam Generated, 1060 million Ib. - 


Percentage Annual Steam Generated: 
600-lb. Boiler 
200-lb. Boilers 








3rd Shift 
Max. Min. 


2nd Shift 
Max. Min. 


1st Shift 
Max. Min. 





Load—kw. ...... 11,000 7,500 3,000 1,000 
Process Steam at 

125 Ib. press. 

Lb. per hour..175,000 50,000 150,000 30,000 100,000 20,000 
Process Steam at 

10 Ib. press. 

Lb. per hour.. 40,000 5,000 20,000 
Hot Water, 11 

deg. F. g.p.m. 2,000 


5,500 2,500 


0 20,000 0 


600 2,400 1,000 1,400 200 





Figure 11 shows a graph of total steam load, power 
load, and condenser loss expressed‘ as pounds of boiler 
steam for a typical summer day of good mill produc- 
tion schedule before the new installation was made. 
Figure 12 shows the corresponding graphs for a 
summer day after the installation was made, the mill 
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being operated under a somewhat lighter schedule 
of production. 

The fuel savings from this installation are divided 
about 1/3 from better steam generating economy and 
2/3 from reduced condenser loss. Since the installa- 
tion was made, the mill load has been lower than 
normal due to curtailed orders. This reduction of 
mill load does not, however, materially reduce the 
savings since at this reduced mill output the new in- 
stallation can be operated at practically full output. 
The annual savings from this installation amount to 
about 60 cents per share in dividends on company 
stock. 

There is no pronounced evidence of a general 
move in the textile industry to take advantage of 
economies available through power plant rehabili- 
tation. Scattered throughout the industry there are 
betterment projects in process of development. These, 
it appears, have taken place in plants of the leading 
factors in the industry with managements having 
determination to weather the storm of bad conditions 
in the industry. While these modernization programs 
have not in some cases gone as far with improvements 
as might seem economically advisable from the stand- 
point of possible power plant savings, they are a long 
step ahead and perhaps forecast a renewed apprecia- 
tion of the advantages of applying modern design 
and equipment in the department which must be 
operated for each order, regardless of style changes. 

It is safe to conclude from the evidence of actual 
changes and the discussions of proposed changes— 

(1) that changes are wanted by management and 
will be made when business becomes more stable and 
profitable, 

(2) that the trend is to higher steam pressures and 
the provision for these in new construction even 
though immediate use is to be at present low pressures, 

(3) that the trend is to provide the foundation for 
cheaper steam power generation through provision 
of higher pressures, 

(4) that fuel economy is appreciated, the longer 
hours of operation since 1932 being responsible for 
air preheator and economizer installations. 


Power Plant to Serve Rayon Mill 
(Continued from Page 241) 


Each turbine is served by a Westinghouse surface 
condenser hung on the turbine casing. It has 2750 
sq. ft. of condensing surface which is swept by water 
directly from the deep well pumps taking lake water 
from the tunnel at 44 to 90 deg. F. The vacuum 
carried is 1 lb. abs. and the circulating water leaves 
the condensers at a temperature of 105 deg. F., going 
normally to the water treating system or to the sewer 
under unbalanced load conditions. Three Peerless 
deepwell pumps are installed, these being motor driven 
at 1160 r.p.m., raise the water 50 ft. and are rated 
to deliver 5000 g.p.m. under 150 ft. head. All other 
condenser service pumps were made by Goulds Pumps, 
Inc. A Badger copper expansion joint relieves 
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strains between the condenser and the circulating 
water piping. 

Each turbine is provided with an individual gage- 
board but the controls and all electrical circuits are 
operated from the main switchboard of the plant 
located in a bay adjacent to the turbine room. 

Current generated at 11,000 v. is transformed to 
440 v. for driving all motors while 110-v. lamps are 
used on a split (220-110 volt) circuit. Nine Westing- 
house transformers are installed in a bay with one 
side wall open to the outside atmosphere. Another 
unit is provided to be used in cases of emergency. 
These transformers are each rated at 1750 kv-a. and 
are of the three-phase, air cooled type. 


REFRIGERATION AND COMPRESSED AIR 


In the power plant are located all the power 
driven machinery except some fans and pumps needed 
for the air conditioning system and the compressed 
air factory service. This equipment is all installed 
on the ground level floor. 

The daily capacity of the refrigerating equipment 
installed is 1800 tons, this service being required for 
air conditioning and process in the factory areas. 
The system handles about 500,000 cu. ft. of air per 
minute delivering it at accurately controlled tem- 


‘peratures and relative humidities required for the 


particular processes. Three duplex and two single 
Worthington ammonia compressors are installed. 
These are driven by Westinghouse synchronous mo- 
tors, three being rated at 500 hp., one at 300 and one 
at 150 hp. The Worthington ammonia condensers 
use circulating water pumped directly from the in- 
take tunnel and deliver to the treating system. Cal- 
cium brine, cooled by the expansion of the ammonia, 
leaves the plant at 40 deg. F., being circulated to 
points throughout the mill where it is used. 

Compressed air is used extensively in convey- 
ing liquids of all kinds employed in the manufac- 
ture of rayon. Pennsylvania air compressors are 
installed to supply this service. These ‘are all motor 
driven through V belt connections, three by 100-hp. 
and two by 50-hp. motors. At the other end of the 
air pressure scale, three vacuum pumps driven 
through V belts by 15-hp. motors supply vacuum 
service for process work. For each one of these mo- 
tors a separate starting panel of Westinghouse make 
is provided. 

Delivering liquids, steam and air at required 
pressures and temperatures is an extremely important 
service rendered by the plant and for this purpose a 
pipe tunnel is provided between the power house and 
the mill. In the mill itself over 50 mi. of pipe are 
used, 12 mi. of which are of hard rubber and are 
used for conveying acids. Throughout the power 
plant welded piping was the rule, the fabrication 
work being done by Grinnell and the pipe covering 
by Philip Carey and the American Asbestos Co. 

The design of this entire factory was worked out 
under the supervision of ll. J. Jorden, Chief Engineer 
of the Industrial Rayon Corp., and his staff, with 
the assistance of Wilber Watson & Associates, con- 
sulting engineers. 
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Heat Transfer in Brine Coolers 
as Affected by Operation 


By John C. Consley* 


Mechanical Engineering Department _ 
York Ice Machinery Corp., York, Pa. 


|b pews PRESENTED in this paper are summarized 
from tests made on conventional multipass, hori- 
zontal, shell-and-tube coolers, of sizes shown by 
Table I, in which evaporating ammonia was used for 
cooling calcium chloride brine. During tests the 
flooded type coolers were operated, with liquid am- 
monia maintained at a level corresponding to a static 
height equal to 0.8 of the inside shell diameter. The 
spray cooler had a pump capable of recirculating a 
quantity of liquid ammonia greater than that which 
is evaporated. The level of liquid was held below the 
tube bundle and the evaporating surface was wetted 
by introducing the recirculated liquid through sprays 
above the tube bundle. 

Tests show that the principal variables affecting 
the heat transfer in any cooler are: brine density, 
brine velocity, brine temperature, logarithmic mean 
temperature difference (M.T.D.). The term ‘‘overall 
heat transfer’’ (measured in B.t.u. per sq. ft. of ex- 
ternal tube surface per degree M.T.D. per hour) is 
used throughout, eliminating considerations of varia- 
tions in individual film coefficients of heat transfer. 
Figure 1 shows the effect of velocity on heat transfer. 
The curves show a tendency to flattening at higher 
velocities. This is not generally highly important 
because commercially the increase in brine flow resist- 
ance, due to the use of higher velocities, and the 
attendant increase in brine pumping costs usually 


*From a paper presented before the 33rd Annual Meeting of 
the A.S.R.E. 
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Fig. 1. Curves representing heat transfer in multipass coolers at vari- 
ous velocities with brine at 10 deg. F., 1.28 specific gravity, in 1% in. 
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limit the application of this type of brine cooler to 
brine velocities well below 300 ft. per min. These 
curves do show that M.T.D. is an important factor 
causing a change in heat transfer at 200 ft. per min. 
brine velocity from 70 at 4.5 M.T.D. to 100 at 12 
M.T.D., or an increase of 43 per cent. 

An increase in brine density causes a decrease in 
heat transfer in a brine cooler, so theoretically the 
highest efficiency can be secured when the brine con- 
centration is held to a minimum. The limiting factor 
commercially is the tendency to freeze the solution in 
the tubes. Ample spread must be maintained between 
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Fig. 2. Effect of brine concentration, I!/4 in. OD tubes, 9/2 deg. 

M.T.D. and 200 ft. per min. brine velocity. Solid line is for constant 

specific gravity of 1.28 at 60 deg. F., dotted curve is for variable 

concentration such that it will freee at 20 deg. F. below the average 
brine temperature 


the freezing point of the brine and the normal operat- 
ing temperature to allow for inaccuracies or poor 
judgment in field operation. The possibility of a 
sudden drop in load, such as might be caused by fail- 
ure of the brine pump or the possibilty of an unusually 
low suction pressure at times of light load, usually 
influences the operating engineer to maintain high 
brine concentrations. 

The curves on Fig. 2 have been plotted for the 
purpose of evaluating the possibilities of gain in heat 
transfer by using lighter density brines. The solid 
line shows the variation in heat transfer with brine 
temperature for a constant concentration of 1.28 
specific gravity at 60 deg. F. The dotted line indi- 
cates the increase in heat transfer secured, assuming 
that for every average brine temperature the ammonia 
evaporating temperature is 10 deg. F. lower and that 
10 deg. F. safety is allowed below that. That is, the 
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Fig. 3. Effect of brine velocity shown for flooded coolers at constant 
M.T.D. of 9.5 deg. F., 15 deg. av. brine temperature 


brine concentration is such that it will freeze at a 
temperature 20 deg. F. below the average brine tem- 
perature. 

We see that the gain in heat transfer ranges from 
approximately 5 per cent at —10 deg. F. to 17 per 
cent at +20 deg. F. average brine temperatures. On 
the assumption that the gain in heat transfer does not 
warrant the risk of a freeze-up in a commercially 
operated plant, particularly where lower brine tem- 
peratures are encountered, all tests have been made 
utilizing caleium chloride brine at a specific gravity 
of 1.28 at 60 deg. F. 

The effect of velocity is shown by Fig. 1 for a 
single size tube, while Fig. 3 shows the effect of veloc- 
ity on heat transfer in flooded 114-in. and 2-in. O.D. 
tube for a series of runs which were made holding 
constant 9.5 M.T.D., 15 deg. F. average brine tem- 
perature, and 1.28 specific gravity brine at 60 deg. F. 
Fig. 4 shows the effect of brine temperature on heat 
transfer in the flooded 114-in. and 2-in. tube coolers. 

To determine the effect of variable M.T.D. in 
flooded coolers, the brine velocity was held constant 
at 215 ft. per min., and its specific gravity at 1.28. 
Since it is impossible to vary M.T.D. without also 
varying either average brine temperature or ammonia 
evaporating temperature, two series of tests were 
made. 

In the first series of tests the ammonia evaporating 
temperature was held constant at —8.5 deg. F. and 
the average brine temperature was varied to produce 
different values of M.T.D. Thus the dotted curves on 
Fig. 5 show the heat transfer change resulting from 
the combined change of brine temperature and M.T.D. 
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Fig. 5. Heat transfer in brine coolers as affected by mean tempera- 

ture difference for a constant brine velocity and specific gravity of 

1.28. Dotted lines refer to tests using a constant evaporator tem- 

perature of —8.5 deg. F. Solid lines show condition where average 
brine temperature is held constant at 0 deg. 


This combined factor results in a gain in heat transfer 
of approximately 13 per cent for 114 in. O.D. tubes and 
16 per cent for 2-in. O.D. tubes in changing from 7.5 
deg. to 11.5 deg. M.T.D. 

At a constant evaporator temperature, this change 
in M.T.D. is accompanied by a change in the average 
brine temperature of approximately 4 deg. F. Refer- 
ring to Fig. 4 it will be noted that a change in brine 
temperature of 4 deg. F. at a constant M.T.D., changes 
the heat transfer 5 per cent. This shows that the effect 
of M.T.D. alone is considerable. 


Table |. Physical data on the brine coolers used in the tests. All 
tests made with tubes in horizontal position 





1 2 3 
Flooded Flooded Spray 
28 33 28 
15 ft. 15 ft. 15 ft. 
10% in. 10%in. 10% in. 
144 79 54 


ype 
External shell diameter, in. 
Length (between tube sheets)... 


Number of tubes 
Size of tubes, O.D., in. 2 

Tube thickness, (B.W.G.), No. ... 11 
Number of brine passes 8 4 
External tube surface, ft.2....... 449 





The solid lines of Fig. 5 show the results of the 
second series of runs in which the average brine tem- 
perature was held constant at 0 deg. F. and the evapo- 
rating temperature was varied to produce the desired 
M.T.D. values. This shows how heat transfer varied 
due to the combined changes in M.T.D. and evaporat- 
ing temperature. In this same figure, comparing the 
solid and dotted curves, it is interesting to note that 
the heat transfer varied with the M.T.D. change in 
almost exactly the same manner when holding evapo- 
rating temperature constant or when average brine 
temperature was constant. 


(To be concluded ) 





Lyman T. FLooK, Superintendent of Buildings and 
Grounds, at the University of Chicago, stated recently 
in a public address that internal corrosion of piping 
used for returning condensate from the heating sys- 
tems of buildings had been practically eliminated by 
deaerating and chemically treating the feedwater. Con- 
densate from various buildings is continuously being 
tested and corrective measures taken to keep the pH 
value at a non-eorrosive point. The life of mains have 
been lengthened in some heating systems by turning 
the pipe when a slight groove appears along the bottom 
inside of the pipe. 
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Diesel Engine 
Lubricating Oils 


Straight mineral oils have been found inadequate 
to o— fully with the many sided problem of modern 
Diesel lubrication. Various agents have been used to 


overcome these deficiencies and, before the summer 
meeting of the S. A. E., the authors outlined the action 
of soap-compounded oils used to give the needed 
detergency, film strength, oiliness and_ stability. 


By 

Ulric B. Bray 

C. C. Moore, Jr. 
David R. Merrill 


Research Department 


Union Oil Co. of Cal. 


OUR OUTSTANDING lubricating difficulties have 

been experienced with modern medium and high 
speed Diesel engines lubricated with straight mineral 
oils; namely: Ring sticking; scratching and scuffing; 
excessive wear ; and bearing failures. 

The immediate cause of ring sticking is the accumu- 
lation of sufficient cementitious material in the ring 
clearances to hold the ring stationary, and prevent the 
movement necessary for the ring to follow the cylinder 
wall. The exact composition and source of this ring 
sticking material is open to considerable question, some 
investigators believing that unburned fuel residues are 
a major source of difficulty, while others subscribe to 
the thought that the lubricating oil represents the 
major source of the varnish or lacquer-like materials 
found associated with stuck rings. 

When sticking starts with one ring, often the top 
compression ring, the difficulty usually spreads rather 
rapidly to other rings, and soon the engine is operating 
very inefficiently. Usually the first effect noticed in the 
operation of the engine is an abnormal amount of 
blow-by gases escaping from the breather, a smoky 
exhaust, and a loss of power for a given fuel rack 
setting. Apparently when blow-by has once started 
through the sticking of one or more rings, the deteriora- 
tion is extremely rapid through the ravaging effect of 
the hot gases passing between the piston and cylinder 
wall and the interference of heat transfer from the 
piston to cylinder wall. Continued operation under 
such conditions is destructive to both piston rings and 
liner. j 

Scratching or scuffing has been the primary cause 
of many failures which have been attributed to other 
sources. Scratching is likely to occur during the early 
operation of a new or rebuilt engine, during starting 
after the engine has been standing idle for some time 
following a shutdown while hot, or during sudden 
loading after idling at slow speed. The relationship 
between ring sticking and scratching is sometimes diffi- 
cult to ascertain, but experience has shown that scratch- 
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ing frequently occurs when no ring sticking difficulty 
is eminent. 

If the engine is stopped promptly in such cases, 
the rings will be entirely free and in otherwise good 
operating condition, but continued operation after 
scratching has started will soon result in completely 
stuck rings, due to the high rate of blow-by. On the 
other hand, in some instances scratching has been 
known definitely to have been preceded by ring stick- 
ing or the accumulation of sufficient carbon behind the 
rings to force them into the cylinder wall with abnor- 
mally high pressure. 

The scratching phenomenon appears to consists of 
the tearing away of metal particles first from the rings, 
next from the cylinder walls, and finally from the 
piston skirt. The damage probably starts at some small 
area, giving first a piston ring roughened over only 
a short distance and a certain amount of iron particles 
in the lubricating oil film on the cylinder wall and the 
upper portion of the ring belt. 

With rotation of the ring, the cylinder wall surface 
becomes scratched, and simultaneously additional ring 
surface comes into contact with the previously scratched 
cylinder wall area. Meanwhile the concentration of 
metal particles in the lubricating oil held in the upper 
portion of the ring belt is increasing rapidly. It is 
obvious that through the abrasive action of these 
various elements, scratching is likely to spread rapidly 
all around the cylinder wall and to all of the piston 
rings. 

Wear occurs in every piece of machinery which man 
has devised to date, and the term ‘‘excessive wear’”’ 
has meaning only by comparison. The operator of a 
100-hp. Diesel engine of the automotive type may be 
satisfied with a cylinder wall wear of 0.015 in. per 
1,000 hr. for lack of knowledge that this wear figure 
can be reduced materially through the choice of lubri- 
eating oil. In the discussion of wear occurring in Diesel 
engines, it is advisable to distinguish between wear 
which takes place under normal or ordinary operations 
wherein scratching or scuffing is not a factor, and the 
wear which is experienced under the abnormal condi- 
tions of scratching or scuffing. 

The immediate cause of bearing failures is exces- 
sively high temperature. In the case of babbitt linings, 
the crushing strength is reduced by high temperature 
to a point where cracking upon impact occurs, and 
the commonly-observed failure by spalling is experi- 
enced. With the newer alloy-type bearings, which are 
more resistant to impact at. high temperatures, cor- 
rosion of the bearing metal by acidic bodies in the 
lubricating oil may be experienced. With either type 
of bearing, high temperature is associated with failure. 


ALLEVIATING LUBRICATING DIFFICULTIES 


As a result of both theory and practice, we believe 
that a Diesel engine crankcase oil should have the fol- 
lowing properties in order to alleviate the above-men- 
tioned difficulties: Detergency; high film strength; 
High degree of oiliness; low carbon-forming tendency ; 
stability against oxidation and engine temperatures; 
and Noncorrosiveness to engine bearings. 

In a classieal study of lubrication, detergency would 
have no place, but in practical operations it is believed 
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to be the first order of importance. For the sake of 
definition, detergency is considered that property of 
the oil which assists in removing or preventing the 
accumulation of ‘‘dirt’’ on the engine parts. Deter- 
gency is not to be confused with solvent action wherein 
undesirable crankcase contaminants are dissolved, be- 
cause detergency operates through colloidal phenomena 
wherein the contaminants are held in suspension 
through some kind of peptizing action or other form 
of colloidal protection. 

The major function of detergency in a crankcase 
oil is to aid in preventing ring sticking, while the pre- 
vention of the accumulation of sludge or muck in the 
various other parts of the engine is also desirable. The 
mechanism of the prevention of ring sticking through 
detergency is probably not entirely understood, nor 
is detergency considered to be the only property re- 
quired of a non-ring sticking oil. 

Of the various crankcase oils available on the mar- 
ket, only those which contain soap-type addition agents 
showa high order of detergency. In this connection, the 
only oils which have been found to meet a high stan- 
dard for anti-ring-sticking properties prescribed by a 
major Diesel engine manufacturer are the soap-con- 
taining oils. Soaps found currently in Diesel lubricat- 
ing oils manufactured in this country include aluminum 
naphthenate, which has been used in caster machine 
oils for a relatively long period of time, calcium naph- 
thenate, calcium oleate, calcium phenyl stearate, and 
calcium dichlorostearate. In the following we shall dis- 
cuss in particular calcium dichlorostearate, because it 
has found widespread commercial use and because this 


particular compound illustrates the principles forming 
the subject of the present paper. 


Fitm STRENGTH 


Through the use of a film strength element incor- 
porated into the soap-type addition agent, it has been 
possible practically to eliminate scratching and scuf- 
fing under even severe operating conditions and to 
shorten the break-in period necessary on new installa- 
tions. Not only has it been possible to reduce the 
break-in period required before the engine can be 
put to work, but the surface condition of liner and 
rings has been so greatly improved through the use of 
the foregoing combination during the break-in period 
that a greater degree of insurance of satisfactory oper- 
ation and longer service has been realized. 

Carefully controlled engine tests have shown that 
the wear occurring under normal operating conditions 
is reduced to a remarkable extent through the use of 
properly chosen soap-type addition agents. A rather 
well-established cylinder wear figure (maximum wear, 
top of ring travel) for a particular Diesel engine, 534 
by 8 in. cylinders, operating continuously at 75 b.m.e.p. 
and 850 r.p.m. is about 0.005 in. per 1,000 hr. with 
high grade mineral oil under clean air conditions. 

With the compounded Diesel engine lubricating oil 
containing 1.33 per cent calcium dichlorostearate, for 
example, the wear was found to be approximately 
0.0008 in. per 1,000 hr. Furthermore, the little wear 
that did take place with the compounded oil was rather 
uniformly distributed around the cylinder. Compar- 


“CHICAGO, APRIL, 1939 


able reductions in ring wear were obtained during the 
same tests. 

In actual field operations, wear figures usually run 
from 0.005 to 0.015 in. per 1,000 hr. when operating 
on straight mineral oil. In a field test involving five 
Diesel-powered tractors, the oil containing calcium 
dichlorostearate was found to give an overall average 
eylinder wear of 0.0017 in. per 1,000 hr. Reduction 
in wear in other parts of the engines has also been 
noted, as might be expected. It is estimated that the 
reduction in wear through the use of properly chosen 
soap-type compounds will add many thousand hours to 
the useful life of the average Diesel engine. 


CaRBON-F'ORMING TENDENCY 


Carbon formed on the piston should be of the soft 
type as contrasted to the hard or flinty type. This ap- 
pears to be important for the sake of preventing the 
accumulation of excessive carbon deposits under the 
piston crown and behind the first and second compres- 
sion rings. The combination of caleium dichloro- 
stearate with a properly chosen naphthenic base oil 
has been found to give a very soft type of carbon. 

To obtain the full degree of benefit from the com- 
pounding agent, the base oil should be thoroughly 
stable against engine conditions. An oxidation stability 
of at least 15 hours for the 10 mg. point in the Indiana 
oxidation test has been taken as a primary control. 
This degree of stability usually requires a treatment 
of about 60 pounds of 98% acid per barrel for Cali- 
fornia naphthenic distillate from San Joaquin Valley 
erude, and 30 to 40 pounds of acid per barrel for a 
high quality Gulf Coastal distillate stock. 

The compounding agent should also be stable under 
crankcase conditions. In the early stages of our ex- 
perimental work on chlorinated soaps, an investigation 
was made to determine the stability of this type of 
compounding agent under various conditions. The 
stability of the chlorinated soaps was found sufficient 
to insure freedom from decomposition in the crankcase, 
but appears to be suitable for the activation of chlorine 
to prevent scratching, galling, or seizing under emerg- 
ency conditions which create high intersurface tem- 
peratures. 


CORROSIVENESS TO BEARING METALS 


According to experience, none of the soap-type 
addition agents found in the oils being marketed at 
the present time is appreciably corrosive to babbitt 
under the temperatures prevailing, but all of these 
addition agents are definitely corrosive to cadmium- 
silver, copper-lead, and other alloy-type connecting rod 
and main bearings. Consequently it has been necessary 
to restrict the use of the soap-type compounded Diesel 
engine lubricating oil to those engines using only bab- 
bitt connecting rod and main bearings. 

It is obvious that before the full degree of utility 
ean be realized with the compounded Diesel engine 
lubricating oils, they must be made noncorrosive to the 
newer bearing alloys which appear to be necessary 
under high speed, high temperature conditions. Con- 
sequently it is expected to be only a matter of time 
until an all-purpose, noncorrosive compounded oil will 
be available to Diesel engine operators. 
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Electron Tubes— 


Part XXXV 


BY A. W. KRAMER 


This question of variable speed control of a.c. 
motors by means of tubes is an intriguing one. Ever 
since the development of the induction motor and the 
synchronous motor attempts have been made to de- 
velop an adjustable or variable speed a.c. motor and 
while in some cases a fair degree of success was 
attained the problem has never been fully solved. 

The development of power tubes provides a new 
approach to this problem, indeed, this appears to be 
one of the most promising fields for large tubes and 
rapid progress may be expected in this direction. The 
thyratron motor referred to is a beginning and con- 
sidering the limitations imposed by the tubes avail- 
able, it is somewhat of an achievement to have con- 
structed a 400 hp. unit of this kind. 

While the thyratron motor has been denmtbed in 
various papers and articles' a brief description here 
will be of interest. 

As shown by Fig. 1, the motor resembles a syn- 
chronous motor with a rotating field except that it 
has two independent star connected stator windings 

MONG the various methods which have been de- installed in the same slots. Unlike a synchronous 

veloped to control the speed of electric motors motor, however, slip rings connect to the neutral points 
by means of electron tubes, one of the first was that Of the star windings. The six remaining leads connect 
devised by E. F. W. Alexanderson of the General i a special arrangement to six sets (of 3 each) type 
Electric Co. This system made use of a specially FG@-118 thyratron tubes each having a continuous 
designed motor in combination with a circuit consist- ating of 12.5 amp. and a maximum rating of 75 amp. 
ing of a number of thyratron tubes. The motor re- Accessory equipment includes a 3-phase current 
sembled a standard synchronous motor, structurally, limiting reactor, and a speed control panel. The 
but it functioned like a d.c. series motor and had latter contains a small wound-rotor motor functioning 
characteristics closely resembling those of a series as a phase shifter for the purpose of effecting the 
motor. desired speed changes. 

A 400 hp. unit of this type was installed in the Finally, a distributor is mounted on the main motor 
Logan Plant of the Appalachian Electric Power Co. shaft to obtain commutation of energy between the 
in May 1936 and has been in operation ever since. thyratron tubes. The grid connections are not shown 
As far as the motor itself is concerned, the system jn Fig. 1 these being shown separately in Fig. 2. 
is fundamentally sound and its speed characteristics While each tube has only one grid, the system has two 
are all that could be desired; the only difficulty has distinct grid controls, one of which functions as a recti- 
been in the matter of tube failure. fier control and the other as a commutator control. The 

While this problem of tube life undoubtedly will rectifier control is in the nature of a phase shifter and 
be solved as more experience is had with large power the commutation control in the nature of a dis 
tubes of this type, a number of other tube circuits tributor. 
for motor control have been, and are being, developed, When the phase shifter delivers a positive voltage 
some of which are simpler and less costly than the nq the distributor at the same time makes contact, 


‘‘thyratron motor”’ just referred to. Some of these 4 positive voltage is impressed on the grid making 
use induction motors, others use direct current motors 
supplied from the alternating current mains by means 1The Thyratron Motor, POWER PLANT ENGINEERING, p. 


. 232 April 1935. Operatin eriences with the Thyratron 
of rectifiers. Motor. bia p. i88 March 1938, aad eer 
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Principles and Applications 


Progress takes curious courses. For many years electrical engineers have 
searched for an a.c. motor that would have the variable speed charac- 
teristic of the d.c. motor. Now, with the advent of power tubes, it appears 
that what was needed was not a new type of a.c. motor so much as a 


method of operation of d.c. motors 


rom a.c. systems. The circuits 


described below show what has been accomplished in this direction. 


the tube conducting. Whenever the phase shifter 
delivers a positive voltage but the distributor does 
not make contact, or whenever the distributor makes 
contact while the phase shifter delivers a negative 
voltage, the tube remains non-conducting. 

When it is stated that a positive voltage makes 
the tube conducting and a negative voltage makes it 
non-conducting, the explanation is only partially cor- 
rect. It is true a positive voltage makes the tube 
conducting but a negative voltage merely prevents it 
from becoming conducting. A negative voltage does 
not interrupt a current which has already been estab- 
lished. This, of course, as explained in previous 
chapters, is a characteristic of the thyratron tube. 

The transfer of current from one tube to another 
is called commutation in analogy of transfer of cur- 
rent from one commutator segment to another in a 
d.c. motor or generator. In the case of the thyratron 
motor the commutation is effected by the distributor 
on the end of the motor shaft by controlling the firimg 
time of the tubes as a function of the rotor position. 
By connecting, in parallel, three tubes which receive 
their supply from a 3-phase source, polyphase energy 
may be utilized for one stator phase subject to the 
control of the distributor. With the phase shifting 
and distributor connected in series as shown in Fig. 
2, any tube can be controlled to fire at the proper time 


and for a desired interval. Thus commutation and’ 


controlled rectification with concomitant speed varia- 
tion may be obtained by a single tube or, as in the 
case under consideration, by a set of 3 tubes in parallel. 

This brief description, while it omits many of the 
refinements, serves to explain the action of this motor. 
In the installation at Logan station where the motor 
drives a forced draft fan, a speed range of from 625 
to 350 r.p.m. is obtained. Despite minor difficulties, 
the operators are very enthusiastic about its per- 


_ formance. Experience has shown them that no drive 


compares with it for ease of control, for smoothness 
of draft regulation, for ability to rotate at very low 
speed and for almost entire elimination of fan blade 
maintenance expense. 


Rectirier SPEED ConTROL FoR Wounp Roror 
InpuctTIon Moror 


The system just described is necessarily expensive 
because of the special type of motor required and the 
control quipment involved, so other methods of using 
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electron tube control have been developed. One of 
these makes use of an ordinary wound-rotor induction 
motor. 

It is well known that by varying the secondary 
resistance of a wound rotor induction motor an ad- 
justable speed drive can be obtained and for many 
purposes such speed control is quite satisfactory. 
There are, however, several disadvantages to this 
method of control, first the efficiency of the motor is 
reduced in proportion to the speed reduction, and 
secondly, the motor has poor regulation with load at 
reduced speeds. 

It is possible to improve the operation of such a 
motor at reduced speeds by substituting a rectifier 
and a d.c. motor for the secondary resistance, as 
shown in Fig. 3.2, The d.c. motor may be used to help 
drive the mechanical load, or to drive an auxiliary 
a.c. generator which returns to the supply system 


2Electronic Speed Control of Motors. By Alexanderson, Willis 
and Edwards. A paper presented before the A.LE.E, Winter 
Convention, Jan. 24-28, 1938. 
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Fig. |. Power connections for the thyratron motor. In this diagram 
the grid circuit is omitted. This, however, is shown in Fig. 2 
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Fig. 2. The grid circuit of the thyratron motor 








the power recovered from the induction-motor sec- 
ondary. 

With this arrangement, speed adjustment of the 
induction motor is obtained through the field of the 
d.c. motor. The action is as follows: Assume that 
the d.c. motor in Fig. 3 is operating at constant speed 
and with a given field excitation. It then has a definite 
counter e.m.f. and the rectified d.c. voltage must 
match this before current can flow. The d.c. voltage 
of the rectifier bears a definite ratio to the alternating 
voltage applied to the rectifier which, in turn, is 
determined by the slip of the induction motor. 

If, therefore, the a.c. motor be operating at syn- 
chronous speed it must slow down until the secondary 
induced voltage is sufficient, when rectified, to match 
the voltage of the d.c. machine. Any further reduc- 
tion in the speed of the induction motor will cause a 
current to flow in its secondary and produce a cor- 
responding induction motor torque. In this manner 
the induction motor operates at an approximately 
constant speed or slip determined by the counter 
e.m.f. of the d.c. motor. 

This method of control is quite simple as com- 
pared to that involved in the ‘‘thyratron motor.’’ 
A particular advantage of this system lies in the 
fact that the operation and rating of the rectifier 
are quite independent of the frequency. The rating 
of the rectifier must be approximately equal to that 
of the induction motor but the size of the d.c. motor 
is a function of the speed variation required. In case 
the d.c. motor is connected to the same shaft as the 
a.c. motor, the approximate rating of the d.c. motor 
may be obtained from the relation 

M=a—l1 
where a represents the ratio of maximum to the mini- 
mum speed required and M the ratio of the rating of 
the d.c. and a.c. motors. For a 2 to 1 speed ratio the 
d.e. motor must equal the a.c. motor in capacity. 
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While the d.c. motor is shown connected to the 
a.c. motor shaft in Fig. 3, as already pointed out, it 
can be used to drive an auxiliary a.c. generator. This, 
despite its greater complexity, has certain merits. 
The d.c. motor is less effective at low speeds and if 
the speed range is greater than 2 to 1 it will be more 
economical to use the motor generator. Also, there 
may be occasions when it might be inconvenient to 
connect the auxiliary d.c. motor to the a.c. motor 
shaft. 

In the case of the motor generator, the a.c. generator 
must be large enough to return the power recovered 
to the supply system. 


PHASE CONTROLLED RECTIFIER AND D.C. Motor 


Another method of obtaining speed variation in 
a motor taking power from an a.c. system is to use 
a direct current motor and supply it with rectified 
current by means of rectifiers. The d.c. motor has 
long been the standard of excellence as an adjustable 
speed drive, and by the use of rectifiers all the advan- 
tages of d.c. motor control can be obtained even 
though the power supply is alternating current. Speed 
control is obtained merely by varying the field current. 

There is no particular novelty in this and such ar- 
rangements of direct current motors and rectifiers 
have already been described.* When, however, the 
motor and rectifier are considered as a unit, a new 
degree of freedom may be introduced in varying the 
armature voltage by phase control of the rectifier. 
This combination permits a greater range of speed 
adjustment than can be economically obtained by field 
control alone. 

In the upper part of the speed range where the 
power required is a considerable portion of the motor 
rating, field control is desirable because this will give 
the highest efficiency and power factor but for lower 
speed ranges, phase control of the rectifier to give 
reduced armature voltage is desirable. By combining 


38Part XXXII, p. 761, December 1938. 
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Fig. 3. Circuit of a rectifier and d.c. motor as used to control the 
speed of a wound rotor induction motor. In this case the d.c. motor 
is connected to the shaft of the induction motor but in other cases 


it can be used to drive an auxiliary a.c. generator delivering a.c. 
power back into the system 
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field control of the motor and grid phase control of 
the rectifier it is to obtain a 100 per cent speed range 
(zero speed to rated speed) with a motor of moderate 
size and without unduly increasing the losses and re- 
active power of the rectifier. 


Circuits Usep WitH PuHasEe ContTROL 


Where 3-phase power is available, the 3-phase full- 
wave rectifier circuit gives the best apparatus econ- 
omy but any convenient rectifier circuit may be used. 
If the 3-phase power is available at voltages between 
220 and 600 v. the rectifier circuit may be operated 
from the a.c. lines without rectifier transformers and 
the d.c. voltage produced will be between 250 and 
800 v. 

The full-wave rectifier is penalized at low voltage 
by having two tubes in series and therefore a high 
are drop loss, but this disadvantage is more than com- 
pensated for by the elimination of rectifying trans- 
formers, even though the operating voltage is as low 
at 220 v. 
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Fig. 4. Circuit diagram of a d.c. motor operating from a phase con- 
trolled rectifier. Three-phase full-wave rectifier with half-wave phase 
control is shown 
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A 3-phase full-wave circuit is shown in Fig. 4. As 
will be noted, it is connected to the a.c. power supply 
through reactors which are very useful in suppressing 
current and voltage harmonics and also serve to limit 
fault current in case of an are back or other failure. 

The phase control may be either half-wave or full- 
wave. In Fig. 4 half-wave phase control is used, that 
is, the phase control is applied to only half of the 
rectifier tubes. This arrangement is quite desirable; 
in fact it is superior to full-wave phase control where 
all tubes are controlled, in that it produces lower re- 
active kv-a. and smaller harmonic currents in the 
a.c. supply. 

The difference between half-wave and full-wave 
phase control is shown by the diagrams, Figs. 5 and 6. 
It should be noted that with full-wave phase control 
and more than 60 deg. phase shift the voltage applied 
to the d.c. circuit reverses during part of the time as 
shown in Fig 5 (C). This causes low power-factor cur- 
rent in the a.c. circuit. 

With half-wave phase control as shown in Fig. 6, 
the voltage applied to the d.c. circuit may go to 
zero but it never reverses. If the conducting 
period of the tube is delayed more than 60 deg. 
there comes a time when the positive and negative 
tubes of the same phase are conducting simultaneously 
as in Fig. 6 (C). During this interval the a.c. circuit 
is effectively disconnected and the d.c. circuit is oper- 
ating from the energy stored in the d.c. reactor. 
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Fig. 5. Curves showing the operation of a three phase full wave rec- 
tifier with full wave phase control 


In the operation of a phase controlled system of 
this type, it is important that the field of the motor 
be supplied from a reliable source at constant voltage. 
This may be provided by an auxiliary rectifier but in 
the case of half-wave phase control a more convenient 
means is available. This consists in connecting the 
field between the a.c. neutral and the d.c. line common 
to the three tubes not phase controlled as shown in 
Fig. 4. In the absence of a neutral on the a.c. system, 
an artificial neutral can be created by the filament 
transformers, phase shifting transformers or other 
auxiliary equipment. 

It will be obvious from a study of these circuits 
that the operation of d.c. motors from a.c. sources is 
quite feasible and that it embodies many advantages. 

Progress sometimes takes curious courses. In the 
early days of the electrical industry, we began with 
direct current and we became accustomed to the ex- 
cellent speed control characteristics inherent in the 
direct current motor. Then, because of its superior 
advantages for transmission purposes and the natural 
simplicity of the induction motor alternating current 
systems were developed and became almost universal. 
The a.c. motor, both the induction type and the syn- 
chronous type, however, are inherently constant speed 
machines and since we had experienced the marvelous 
flexibility of the d.c. motor where speed variation 
was necessary, we were dissatisfied with the limita- 
tions of the a.c. motor in this respect. So the quest 
for a variable speed a.c. motor began and for many 
years all sorts of schemes and methods were devised, 
some very ingenious but none wholly satisfactory. 

Finally, came the electron tube with its rectifiers 
and inverters and a new field of opportunity arose 


(Continued on page 271) 
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Fig. 6. Curves showing the operation of a three phase full wave rec- 
tifier with half wave phase control 
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While it is unwise to indulge in superlatives, it can truthfully 
be said that the modern transformer is the most efficient 
device for the transformation of energy that man has made. 
Furthermore, the transformer is one of the foundation stones 
of the electrical industry for without the transformer, the 
industry as we know it today could not exist. For this reason 
it becomes desirable occasionally to give more than passing 
consideration to this device and so, in the article, we present 
in a simple and straightforward manner the reasons for the 
more common ways of connecting transformer windings. 
Some of these have been known and used for years but 
often we use a thing without knowing much about it. 
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RANSFORMERS, being static devices, represent quently arise regarding connections to, or between, 
what is probably the simplest form of electrical transformers. It is the intent of this article to review 
apparatus, and their usage is universal in all types the fundamentals underlying transformer design and 
of electrical circuits. Fundamentally, they serve only construction, in such a way as to provide a basis for 
to transform the voltage of alternating current circuits, analyzing at least the more common of transformer 
thereby permitting the use of the most economical -connections. 
voltages, for the purpose of generation, transmission, 
distribution, and utilization. Before central station Sin@LE PHasE ConNECTIONS 
power is applied at the motor terminals, it has usually 
gone through a minimum of three voltage transforma- 
tions, and often times many more. It is, therefore, 
essential that transformers be as simple, inexpensive, 
and efficient as possible. Nevertheless, questions fre- 


Let us first consider internal connections. Trans- 
formers resemble motors and generators in that they 
are a combination of magnetic (or iron) and electrical 
(or copper) circuits, from which it follows that they 
possess a certain voltage capacity and a certain cur- 
rent capacity. The nameplate rating is the product of 
ma me the voltage and current capacities, and the failure to 


use either up to its designed point reduces the kv-a. 

obtainable from the transformer. In this connection, 
TRANSFORMER CASE it is considered advisable to review the following funda- 
Eee Re mentals of transformer design. 


(1) The ratio of the primary to the secondary 
voltage at no load is the same as the ratio of 
turns, this ratio being slightly increased under 
load. The volts per turn are, therefore, the 
same in either winding, and the voltage ca- 
pacity is set by the designed volts per turn, 


Fig. |. A transformer having a paralleled secondary winding showing oes 
the standard terminal markings, the subscripts of which denote multiplied by the umber of turns connected 


instantaneous polarities in series. 
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(2) The load ampere turns in the primary and 
secondary windings are equal. 

From the above relations follows something we all 
know, namely, that the secondary kv-a. (product of 
volts and amperes) must be equal to the primary kv-a., 
neglecting losses. 

The above may seem too obvious to be worth men- 
tioning but many apparently complicated internal 
transformer connection problems may be solved by 
bearing these simple relations in mind. For example, 
placing the secondary winding in two parallels halves 
the delivered voltage, since it provides only one-half 
as many turns in series. Obviously, it doubles the 
current capacity, thereby retaining the same kv-a. The 
same is true of paralleling the primary winding pro- 
vided the impressed voltage is likewise halved. If the 
primary voltage is not reduced in proportion of the 
turns, the transformer will be inoperative because of 
attempting to handle twice the designed volts per 
turn. Likewise, if a transformer is designed for a 
certain impressed voltage, with the primary in two 
parallels, placing the primary in series would halve 
the rating of the transformer, unless the voltage is 
also doubled, since the volts per turn is only one-half 
the designed value. 

Since transformer ratings are a function of cur- 
rent and voltage only, they are rated in kv-a., not kw. 
Neglecting the slight influence of regulation on the 
secondary voltage, a given transformer will deliver its 
rated kv-a. regardless of power factor. 

Most transformers are provided with taps in the 
primary winding to compensate for a drop in the 
source voltage. For instance, a tap which incorporates 
only 90 per cent of the primary turns, will enable the 
transformer to deliver rated secondary voltage, with 
a 10 per cent drop in primary voltage. If rated kv-a. 
is delivered under these conditions, the size of the 
transformer is slightly increased. 


Fig. 2. A 3-phase transformer with a star connection on one side and 
and a delta connection on the other 


PouaRITY 


At this point, it might be well to explain what is 
meant by ‘‘additive’’ and ‘‘subtractive’’ polarity. Fig- 
ure 1 above shows a transformer having a paralleled 
secondary winding, and bearing standard terminal 
markings, the subscripts of which denote instantaneous 
polarities. If H, and X, are physically adjacent to 
each other on the transformer case, as in Fig. 1, the 
polarity is subtractive. If they are diagonally located, 
the polarity is additive. Additive or subtractive polar- 
ity must be taken into consideration when paralleling 
or banking two or more transformers, since the same 
physical relation of the leads does not always mean the 
same instantaneous polarity. 


CHICAGO, APRIL, 1939 


maaaa WV 


: nn 


Fig. 3. The "Scott" connection for transformation from 3 phase to 
2 phase or vice versa 


DELTA AND STAR CONNECTIONS 


Transformers for supplying power in any great 
quantity, are usually connected in a three phase rela- 
tion. For this purpose, three single phase transformers 
may be used, or the transformer may be of the three 
phase type, the former being the more common. 

Transformers may be connected either in a star or 
delta relation on either primary or secondary. Figure 
2 shows a star connection on one side and a delta on 
the other. Regardless of the connection used, the 
transformer capacity required is the same, and that 
of each single phase unit is one-third of the total bank 
capacity. However, the connections used affect the 
voltage and current ratings of the individual units. 
In Fig. 2 the cireuit voltage transformation is 13,200/ 
4150. However, the turn ratios of the individual 
transformers are based on a transformation of 13,200/ 
2400 volts. 

The advantages of the star connection are as fol- 
lows: 


1. It provides a neutral point which can be 

- grounded and thereby hold the voltage of any 
wire above ground to a value equal to 57 per 
cent of the phase voltage, under any fault condi- 
tion, thereby preventing the so-called arcing 
grounds This is particularly advantageous for 
high voltage circuits. It also improves and sim- 
plifies the relaying, as well as the protection 
against lightning. In some instances, it provides 
a saving in transformer costs by permitting the 
use of phase to ground insulation, rather than 
full phase insulation. Because of the above rea- 
son, practically all transformers for high voltage 
transmission lines use a star connection, with a 
grounded neutral, on the high voltage side. 
It provides a neutral point for taking single 
phase power from a three phase circuit, such as 
3—2,400 v., single phase circuits from 4,150 v., 
three phase; or 120 v., single phase from a 208 v. 
three phase circuit. This is the familiar 3-phase, 
4-wire connection. This 3-phase, 4-wire service 
is only permissible provided the primary is con- 
nected as will be discussed below. 
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However, the great majority of three phase, two 
winding, transformer banks, utilize a delta winding on 
one side or the other. The reason for this is that a 
delta is required to provide a path for the triple har- 
monic magnetizing current. Also, in cases where one 
winding is connected in star, and the neutral grounded, 
the delta connection is required in the other winding 
to provide a path for currents in the neutral connec- 
tion. This would apply in the case of 3-phase, 4-wire 


Fig. 4. The auto- 
transformer 


distribution circuits applying single phase power be- 
tween lines and neutral. An exception to this occurs 
where star-star banks have their neutrals tied in with 
the neutral of the generating source, or with the neu- 
tral of another star-delta bank, either by a ground con- 
nection or by means of a fourth wire. The latter is 
preferable since currents carried through the ground 
frequently give rise to telephone interference. The 
neutral connection must be between windings which 
are electrically connected together, since the path for 
the neutral current cannot be completed through the 
magnetic circuit of a two-winding transformer. 

Another exception occurs in the case of small 3 
phase, core type transformers, connected in star-star, 
since, in the three-legged core form construction, the 
magnetic circuits are interlinked and equivalent to a 
relatively high reactance delta winding, thereby reduc- 
ing the third harmonic voltage from line to neutral, 
and permitting a certain amount of unbalanced load 
to be taken off from line to neutral. 

Where a transformer bank is utilized for tying two 
high voltage transmission lines together, a delta -con- 
nected tertiary winding is often provided for taking 
care of the magnetizing current, thereby permitting a 
star connection, with consequent advantages, on both 
sides. In some instances, this tertiary delta connected 
winding is used to also provide a low voltage supply 
for auxiliary loads. 

In connecting up three single phase transformers to 
form a three phase bank, all similarly numbered ter- 
minals should be connected together for a star ar- 
rangement. (For instance, all H-1 or X-1 terminals). 
For a delta arrangement, the H-1 or X-1 terminal of 
one transformer should be connected to the H-2 or 
X-2 terminal respectively of the succeeding unit, and 
so on until the delta is completed. This must be care- 
fully watched, as a reversal of one leg of the delta 
with respect to the other two, results in practically 
a dead short circuit. For that reason, it is always a 
good idea to first connect and energize only one side, 
leaving a delta winding open. The delta winding 
should then be completed through a potential trans- 
former and voltmeter good for double the phase volt- 
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age. Unless a zero reading is obtained, connections 
must be changed before completing the delta. 

Particularly in a delta-delta connected bank, it is 
essential that all transformers have the same ratio 
and impedance values, within very close limits. Other- 
wise, a circulating current will flow, or they will not 
divide the load equally. 


PARALLEL OPERATION 


In paralleling transformer banks, their polarities, 
phase rotations, and angular displacements must be 
the same. These conditions are all fulfilled when the 
voltage diagrams of the two banks coincide. The cor- 
respondingly marked leads may then be connected to- 
gether. If the voltage diagrams are not available and 
the design of the transformer is not known—parallel- 
ing becomes somewhat complicated when all possible 
combinations of connections are taken into considera- 
tion. For three phase transformers it will, in general, 
be preferable to construct a voltage diagram from test 
data, but a trial parallel operation through a volt- 
meter will. frequently be satisfactory. 

If the bank is made up of single phase units and 
the polarity of these is known, a voltage diagram may 
easily be constructed, but it is always good practice 
to make a trial parallel operation as follows, First 
connect and energize only the primary windings of 
the two transformer banks which are to be paralleled. 
Then connect the secondaries together through ' only 
one phase wire. Successively complete the remaining 
two secondary connections through a potential trans- 
former and voltmeter good for double the phase volt- 
age. Unless a zero reading is obtained in both eases, 
connections must be changed before placing the sec- 
ondaries in parallel. 


Fig. 5. Why it is de- 

sirable to ground the 

neutral of a 3-phase 
auto-transformer 


Naturally, to obtain satisfactory paralleling of 
transformer banks, it is also necessary that the ratios 
and percent impedances be the same, within very close 
limits. The bank having the lowest percent impedance 
will carry a proportionately greater share of the load, 
with respect to its kv-a. rating. 


Open DELTA OPERATION 


Delta-delta banks may be operated in open delta 
and give 58 per cent of the three phase rating. While 
the installed capacity is reduced to only two-thirds, 
certain internal out-of-phase relations reduce the 
capacity still further. Star-delta banks may also be 
operated with one transformer disconnected, to give 58 
per cent capacity, in an emergency, provided the star 
side is equipped with a neutral wire which is tied 
into another point on the system. 
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THREE PHASE TO Two PHASE 


In some localities, transformation from 3 phase to 
2 phase, or vice versa, is required, in addition to a 
change in voltage. The most common manner of achiev- 
ing this is by the so-called ‘‘Scott’’ connection. This 
connection is shown in Fig. 3. Ordinarily, two dupli- 
cate transformers are used, one designated as the 
‘‘main’’, and the other as the ‘‘teaser’’. On the three 
phase side, the teaser transformer is tapped at 87 per 
cent of the full winding, and connected to a mid- 
winding tap on the main transformer. The voltage 
transformation ratio is determined by the full winding. 
In case a neutral is desired on the three phase side, it 
is obtained by a 29 per cent tap on the teaser winding. 
The two phase circuit may be inter-connected in any 
desired manner for three wire, four wire, or five wire 
service. 


THREE PHASE TO SINGLE PHASE 


The most advantageous method of obtaining single 
phase power from a three phase circuit is by connect- 
ing a conventional single phase transformer across two 
wires of the three phase circuit. Many ingenious and 
complicated connections have been proposed, in an ef- 
fort to provide a large single phase load without un- 
balancing the three phase circuit, but a careful analysis 
always shows that they offer no advantages over a 
straight single phase transformation, when due con- 
sideration is given to the capacities which they require 
for transformers, lines, and generating equipment. 


Auto TRANSFORMERS 


Auto-transformers provide a change in voltage 
without all of the power having to go through the 
transformer. It, therefore, follows that they have a 
lower cost, smaller size, less impedance, and better 
efficiency, than a two winding transformer of a cor- 
responding capacity, in instances where they can be 
used. 

Figure 4 shows an auto-transformer having a high 
side voltage of E, and a low side voltage of E,. The 
active parts required for an auto-transformer are re- 
lated to those required for a two winding transformer 


E,—E, 


of a corresponding rating, by the ratio . It will 


1 

be noted that the active parts become very much re- 
duced as the voltage ratio approaches unity. On the 
other hand, the size of the auto-transformer approaches 
the size of a corresponding two winding transformer, 
as the voltage ratio becomes greater and greater. 

Despite their smaller size, there are a number of 
limitations to the use of auto-transformers. Most of 
these limitations come about from the solid electrical 
connection inherently present between the primary and 
secondary circuits. Before applying an auto-trans- 
former, an investigation should always be made to de- 
termine whether or not there are grounding points, 
or inter-connections, which will result in connecting 
together points which are at a different electrical po- 
tential. Many misapplications of auto-transformers 
could be avoided if this was always borne in mind. 
With two winding transformers, this does not consti- 
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tute an objection, since the connection between the 
primary and secondary circuits is magnetic in nature, 
and points which are at different electrical potential 
in the two windings may safely be grounded. 


These phase auto-transformer banks are practi- 
eally always connected in a star relation with the 
neutral grounded. Internal out-of-phase relations 
between current and voltage render a delta connected 
auto-transformer unsuitable because of size required. 
Figure 5 shows why it is so desirable to ground the 
neutral of a 3 phase auto-transformer. A ground on 
one wire of the high voltage side, without the neutral 
being solidly grounded, subjects two of the wires on 
the low voltage side to a substantial overvoltage, with 
respect to ground, for which the connected apparatus 
may not be suitable. Star connected auto-transform- 
ers are subject to the same requirements as star-star 
connected two winding transformer banks, insofar as 
the necessity of providing a path for the magnetizing 
eurrent and the neutral current is concerned. That 
is, a delta connected tertiary is required if the neu- 
tral is not solidly connected to the system. 


Scott-connected auto-transformers may be used 
for transforming from three phase to two phase, but 
only if the two phase supply is not inter-connected 
in any way. This is because the teaser winding is 
already connected to the mid-point of the main wind- 
ing, which establishes the relation between the poten- 
tials of the primary and secondary circuits. 


Electron Tubes— 
Principles and Applications 


Continued from Page 267. 


for solving the a.c. motor speed problem. As always 
we began with the most complicated arrangements— 
the thyratron motor described in this article but 
gradually the problem simplified itself and we hit 
upon the simple expedient of feeding a standard d.c. 
motor from a.c. lines through rectifiers. And so we 
come back to where we started. Now, it is beginning 
to be evident that the solution of the problem lay not 
in the development of a variable speed a.c. motor but 
in a simple method of operating d.c. motors from a.c. 
systems. This, of course, could have been accom- 
plished at any time by means of motor generator sets, 
in fact, the method was used in certain instances, but 
it was cumbersome and expensive. 


With the advent of the power tube, however, the 
way is clear. We cannot only take advantage of the 
inherent excellent speed characteristics of the d.c. 
motor, but over and above that, by means of phase 
controlled rectifiers we can attain a degree of speed 
control beyond that inherent in the d.c. motor alone. 
Much still remains to be done in the development of 
higher capacity and more reliable electron tubes but 
this, undoubtedly, will come. The grid controlled 
mercury are rectifier and the ignitron fit into this 
picture very well and we may expect to see an in- 
creasingly greater use of these devices. 
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We have published a great many descriptions of large and 
medium size power plant rehabilitations but here is a story 
of a small plant rehabilitation that should be of direct inter- 
est to operators and owners of small plants—plants using 
H.R.T. boilers and Corliss engines. Of unusual interest, is the 
fact that practically the entire cost of operation is covered 
by salt for the water softener and oil for engine lubrication. 


A Small Steam Power 
Rehabilitation 


Plant 


By Farel A. H. Hulick 


N THIS DAY of centralized power plants with high 

temperature and higher pressure designs, it seems 
almost heresy to consider that there still exists a 
proper place for the Corliss engine and the 150 lb. 
H.R.T. boiler. There is no doubt that many of the 
existing isolated power plants, particularily those in 
industrial service, are not economical by comparison 
with purchased power if true costs could be ascer- 
tained, but in certain woodworking plants where suffi- 
cient wastes are available for fuel, there is still a very 
definite place for the small unit. 

An interesting example of this condition is found 
with the Turner Day and Woolworth Handle Co., who 
because they must have their operating units close to 
the raw material supply, are forced to run several 
small plants. In the manufacture of hickory handles 
(axe, pick, adze, sledge, hammer and hatchet) there 
is a great deal of waste from the lathes which, if it 
cannot be burned, presents a serious disposal problem. 

In 1937 they were faced with the necessity for 
making drastic repairs on the power plant at the 
Bowling Green, Kentucky, operation, which has been 
running for many years. The old steam plant con- 
sisted of one 72 in. by 18 ft. H.R.T. riveted boiler, one 
60 in. by 20 ft. H.R.T. boiler, a small closed heater, 
and feed water supplied by a horizontal simplex pump 
and an injector for emergency service. 

The small boiler had had an interesting history, 
having started life some 70 yr. ago in a Mississippi 
river steam boat, and later put into stationary service 
successively in Memphis, Arkansas, Missouri, Tennes- 
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see, Kentucky, and finally in Bowling Green. It had 
sixteen 6 in. riveted flues (Figs. 1 and 2) and was 
designed for lug setting, but somewhere along its 
travels it had been fitted with stirrups to fit the lugs 
(Fig. 3). 

The prime mover was a 20 in. by 42 in. single eccen- 
tric Corliss operating at 65 r.p.m. and belted to the 
lineshaft which drove the entire mill. 

In planning the overhauling, it was necessary 
always to keep in mind that the investment had to be 
kept as low as possible, consistent with satisfactory 
performance, because the cost of fuel would be a neg- 
ligible item in the final cost of operation, the biggest 
items being carrying charges on investment, depre- 
ciation, and maintenance. It was also necessary to 
make the plant simple of operation because of the 
type of operating engineers available; and they were 
familiar with the Corliss gear so dear to every old- 
time engineer’s heart. 

The Power Transmission Council was called in to 
survey the plant driving mechanism and they advised 
that it would not be necessary to motorize any of the 
existing production machinery, thus obviating the 
necessity of a generator installation, so the drive to 
the lineshaft was permitted to remain. 

The engine was carefully checked and the stresses 
calculated and it was found that the speed could be 
increased enough to take care of any possible increase 
in power requirements due.to plant expansion. Ac- 
cordingly it was decided that the boiler equipment 
would never be required to exceed the pressures and 
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Fig. 14. General layout of the power plant. 


temperatures needed for this engine. The only repairs 
to the engine were re-grouting the cylinder and main- 
bearing, and re-babbitting the quarter boxes. 

It is expected that at some future date dry kilns 
will be installed in a remote part of the yard, and in 
laying out the new arrangement, allowance was made 
for a small engine generator set to provide current 
for the dry kiln fan motors, and an opening was pro- 
vided in the steam header for steam to heat these kilns. 


The steam generating plant was completely rebuilt, 
but H.R.T. boilers were retained because of their lower 
installation and maintenance costs over more up-to- 
date water tube boilers. The 60 in. by 20 ft. museum 
piece was retired with ceremonies befitting its long 
service. It was replaced by a Vogt 72 in. by 18 ft. 
welded H.R.T. boiler. The old 72 in. by 18 ft. boiler 
was retubed. Complete new foundations and single 
settings for both these boilers were made and Ramtite 
plastic fire brick was used throughout. The rear 
arches were made up of rear arch blocks suspended 
from I-beams. The bottoms of the boiler were set 
five feet above the grate line and seven feet above the 
floor of the combustion chamber. Since wood fuel pre- 
sents no clinker or ash problems, stationary grates 
were used. 

Two rebuilt horizontal duplex pumps (Fig. 4) were 
installed to replace the simplex pump and injector 
that had previously been used. 

The small closed heater was replaced with a large 
open heater (Fig. 5). The open heater was purchased 
several times larger than the boiler rating called for 
in order to keep down turbulence which might prevent 
eylinder oil from the engine exhaust from floating on 
the surface and also to be sure of complete deaeration 
of the water from the Zeolite softener. This change 
increased the feedwater temperature from about 140 
deg. to 210 deg. The heater outlet was placed 5 feet 
above the pump inlets to prevent steam binding. 

An auxiliary Swartwout up-current separator (Fig. 
6) was installed in the engine exhaust line ahead of 
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the regular separator built into the Cochrane heater, 
as an additional precaution against any possibility of 
cylinder oil from the engine getting into the heater 
and thence into the boilers. 


The city water in Bowling Green averaged about 
six grains of hardness and scale formation had seri- 
ously impaired the performance of oil boilers. When 
ene boiler was retubed, scale as much as two inches 
thick was removed from the flue sheets (Fig. 7). A 
Wayne Zeolite softener was installed for treating the 
water (Fig. 8). Brass pipe and fittings were used on 
the softener and between the softener and the heater 
to prevent deterioration due to corrosion by the dead 
soft undeaerated water. Of course, after the water 
had gone through the heater it was practically com- 
pletely deaerated so steel pipe could be used. 

All of the feedwater piping was installed in such 
a way that the softener, heater, or pumps, or any 
combination of them could be by-passed in an emer- 
gency. 

A receiver separator was installed in the engine 
line to iron out variations in steam pressure at the 
throttle (Fig. 9). This was done even though the 
steam piping to the engine was designed for a steam 
velocity of only 4000 ft. per min. at maximum load. 
The old low speed engines need a very large steam 
supply at the throttle to prevent vibrations in the 
steam line, and to give an approximately straight 
steam admission line on the indicator card. After 
starting up the plant it was found that the combina- 
tion of large piping and the receiver separator resulted 
in pressure fluctuations at the throttle of less than 
three pounds with the engine operating at full load. 


The prefabricated steam piping (Figs. 9, 9A, 9B) 
was designed by Crane Company, who also furnished 
all of the valves, piping, and fittings. The main steam 
header has six openings; one for each boiler, one for 
the Corliss engine, one for a small auxiliary header, 
and two blanked off. These latter two are for the 
anticipated small engine-generator set and the steam 
line for the dry kilns. The header and pipes from the 
boiler to the header were supported from the gallows 
frames. This was done to prevent expansion and con- 
traction strains from disturbing the roof, which would 
be the case if these pipes had been swung from the 
roof trusses. 

The small auxiliary header (Fig. 10) supplies the 
feed water pumps, present dry houses, whistle, fac- 
tory heating, flue soot blower, damper regulator and 
a line for smothering a possible fire in the dust vault. 

Ready access is had to this header, stop-check 
valves, gate valves, feed water valves, damp regulator, 
safety valves, and manholes by welded steel staging 
(Fig. 11). 

The fuel supply comes from a dust collecting sys- 
tem, the cyclone of which is located on the roof of the 
dust vault. By a system of valves in the bottom of the 
cyclone, the shavings can be placed in either boiler, 
or in the vault for storage for night and week-end 
firing for the factory heating and lumber drying loads. 
Firing is done by hand only when the mill is not in 
operation. 

The pipes carrying the shavings to the boilers 
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(Fig. 12) are fitted with weighted check valves which 
are opened by air pressure from the cyclone. At all 
other times the counter weight keeps them closed and 
any tendency for the flame in the furnace to backfire 
up these pipes would be stopped instantly by the check 
valves. 

The layout of the power plant (Fig. 14) was made 
so that the pumps, heater, and softener could be lo- 
cated in the engine room instead of in the boiler room, 
as is customary. This was done to get them away from 
the sawdust that is a necessary evil in any boiler room 
burning fine wood waste. The engine room is sepa- 
rated from the boiler room by a fire wall. 


An interesting outgrowth of this layout was the 
necessity for placing the throttle valve for the feed 
water pump in a different room from the one in which 
the pump is located; this was necessary in order that 
the valve might be operated by the boiler room attend- 
ant. The stem extension for this valve was placed 
beside the stem extension for the feedwater valve on 
the boiler (Fig. 13). This latter valve was an angle 
valve placed at the point where a tee is ordinarily 
used at the entrance of the water pipe into the setting 
at the front of the boiler. 


Doors were located in both the engine room and 
boiler room so that an easy and rapid exit could be 
made in case of emergency. One was placed on each 
side of the boiler room at the back of the boilers; in 
the front of the boilers, a fire door on one side leads 
to the engine room and the door on the other side 
opens into the yard. The engine room has three doors— 
the fire door to the boiler room, one opposite this lead- 
ing into the mill, and the third on the other side of the 
cylinder, opening into the yard. 

All of the lights in the boiler room are operated 
from a Square D switch cabinet. The lights were so 
arranged that there are two fixtures controlled by each 
switch. This was done in order to minimize shadows 
and the attendant dangers of injuries from stumbling. 


Two walls of the engine room and the roof were 
replaced. The roof was a Johns-Manville three ply 
asbestos laid over a two-inch pine deck. The boiler 
room was completely rebuilt. The roof for it was a 
fireproof Armco corrugated sheet iron with welded 
structural steel trusses. The windows were Truscon 
(sills formed in a radius to prevent an accumulation 
of oileans, wrenches, ete.). Large windows were 
placed behind each boiler, so that when a replacement 
is necessary, the old boiler may be removed and the 
new one skidded in without disturbing the building 
walls. 

The new layout has been in operation for about a 
year and gives evidence for being good for many 
more years of economical operation. No actual cost- 
per-horsepower-hour figures are available, since there 
is no place to measure power output, but it will be 
understood that this plant operates at a fraction of 
the cost of purchased power, a modern turbo- 
generator, or even an engine generator, when one 
understands that practically the entire direct cost of 
operation is covered by salt for the softener and oil 
for the engine, and certainly the carrying charges, 
depreciation, and maintenance are at a minimum. 
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New G. E. Mercury-Button Limit Switch 


A NEw single-pole limit switch (CR9440-E1A) 
which uses a mercury-button contact mechanism to 
open and close the circuit has been announced by 
General Electric. The new device is particularly suit- 
able for use where the force available for operation of 
the switch is small, inasmuch as the only force required 
to operate this switch is that necessary to lift a light- 
weight molded lever or arm. The arm returns to its 
lower position by its own weight. 


_— 
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Diagram showing operation of the mercury switch 


Mercury 


The mercury-button element consists of two cor- 
rosion-resistant-metal hemispherical shells separated by 
a special ceramic disk with an off-center hole. The 
assembly is partially filled with mercury. An atmos- 
phere of hydrogen prevents burning and corrosion. 
The unit is hermetically sealed with a glass ring so 
that there is no question of maintenance. 

When the mercury-button is rotated in the vertical 
plane, the off-center hole, normally below the surface 
of the mercury, is raised out of the mercury, thus open- 
ing the circuit between the metal shells. Because of 
the tendency of the mercury to cohere, and its lack of 
adhesion to the insulating disk, a positive, quick break 
is assured. 


| 


er ee ees 


The switch, with and without protective cover 


The merecury-button is securely mounted in a sturdy 
molded assembly, which also serves as a lever arm, and 
is enclosed in a pressed-steel enclosure with knockouts 
for conduit connections at both ends. The new switch 
must be mounted in the vertical position. 
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PICTURES of Engineering 


The grotesque “dingus" at the left, believe it or not, is a 
pressure regulator. A mere "accessory" to be sure, but 
since it controls the flow of water to one of the new 115,000 
hp. hydraulic turbines being built by Allis-Chalmers for 
Boulder Dam it weighs 320,000 Ib. and stands some 25 ft. 
high. If the load suddenly went off this regulator would 
cut off the flow of water to the turbine in 4 sec. 


The Secrétary of the Interior and Mrs. Ickes, with Com- 
missioner of Reclamation John C. Page and the Director 
of Power |. C. Harris as guides inspect Boulder Dam. 
Here, they are shown in the Nevada generator gallery of 
the largest power plant in the world. 


This hemispherical structure 
is a scale model of the United 
States Steel "“Inside-out" 
building now nearing comple- 
tion at the New York World's 
Fair. This is a polished stain- 
less steel dome supported by 
external structural members 
—an architectural innovation 
and a striking symbol of steel 
making. It will contain two 
floors of exhibits showing how 
steel in a thousand forms is 
basic to our civilization and 
how, through research it is 
helping to shape the world 
of tomorrow. Six of the ten 
steel trusses which form a 
basic element of the design 
and which support the dome 
can be seen in the picture. 
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Interest 


The power supply for weld- 
ing operations in a large 
manufacturing plant often re- 
quires apparatus of consider- 
able magnitude. Here is a 
700 hp. Westinghouse single 
phase, spot welding gener- 
ator operating at 0.3 power 
factor with a 150 hp. squirrel 
cage driving motor. The fly- 
wheel effect of the set equal- 
izes peaks and insures stable 
operation. 


Fashion may be spinach but steel is pudding, accord- 
ing to Ernest L. Robinson, turbine engineer of the Gen- 
eral Electric Co. He drew this rather interesting analogy 
in discussing the "creep tests" to which his company 
subjects steel used in power plant turbines to determine 
the amount of expansion and relaxation that will take 
a in the metal during the life of the units. "Steel," 

e says, "is nothing but a pudding having iron as the 
main ingredient with various alloys thrown in for season- 
ing. Small amounts of these alloys or improper baking 
can make or ruin the steel." He pointed out that one 
part molybdenum or two parts tungsten will help slow 
down the distortion rate and provided the metal is 
given proper heat treatment it will be able to withstand 
200 deg. hotter temperatures as a result. Generous 
portions of nickel and chromium are also desirable 
ingredients for steel to be subjected to temperatures 
above 1000 deg. F. Here R. H. Thielemann is reading 
the .gage of one of the four rupture test furnaces in the 
G. E. laboratory. Some of the rods withstand constant 
stress for periods as long as !0,000 hr. at 1300 deg. F. 
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At the left is shown a view of Boston Edison's 
new 25,000 kw. topping generator at "L" St. 
This marks an interesting case of plant de- 
velopment in which a substantial increase of 
capacity is obtained without additional fuel 
consumption. The turbine will spate at 1200 
lb. pressure, 900 deg. and will exhaust into 
the existing system at 300 lb. 





Energy Resources 
and National Policy 


Recommendations to the President of the United 
States by the National Resources Committee, 
based on a series of special staff reports 


OAL, oil, natural gas, and water power are the prin- 
cipal sources from which we have obtained the fuel 
and the electric energy for the heat, light, and power 
essential to our industrial civilization. In recent years 
the conservation of these great natural resources, their 
orderly development, their readiness in case of need 
for the national defense, and the preservation in eco- 
nomic health of the industries that make them available 
have become matters of national concern. We have 
realized that the abundance provided for our use by 
nature will not last forever ; we are beginning to realize 
that the welfare of millions of our people is bound up 
in these great industries. 

In the past the Federal Government and the States 
have undertaken various measures in order to conserve 
and to assure the wise use of these resources. In gen- 
eral, however, each of these efforts has been directed 
toward the problems in a single field; toward the pro- 
tection of the public interest in the power of flowing 
water in the Nation’s rivers; toward the relief of eco- 
nomic and human distress in the mining of coal; or 
toward the correction of the demoralizing and wasteful 


practices and conditions in the industries producing 


oil and natural gas. It is time now to take a larger 
view, to recognize more fully than has been possible 
in the past that each of these energy resources affects 
the others, and that the diversity of problems affecting 
them and their interlocking relationships require the 
careful weighing of conflicting interests and points of 
view. 
RECOMMENDATIONS 


The obvious fields of remedy with respect to con- 
servation of energy resources seem to lie (1) in pro- 
moting greater efficiency in the production of the fuel 
resources from the standpoint of recovery; (2) in pro- 
moting greater economy in the use of fuels; and (3) 
in placing a larger share of the energy burden on lower 
grade fuels and water power. To serve these objectives, 
the following recommendations are advanced: 


1. Coan 


We believe that the problems of the bituminous 
coal industry are too large for any one State to solve. 
The intensity of interstate competition makes the ills 
of the industry a matter of national concern and Fed- 
eral responsibility. Some form of Federal regulation 
of bituminous coal is clearly necessary. The particular 
form of regulation that has been written into the 
Bituminous Coal Act of 1937 undoubtedly represented 
the majority opinion within the industry as the best 
approach to the problem, but a judgment on the effec- 
tiveness of the measure must be withheld until the Act 


278 


has become fully operative. Every opportunity should 
be provided for conclusive experiment with the system 
of controls which the law requires. It is well to bear 
in mind that although the Act is limited to four years, 
the problem with which it deals is not a short lived 
emergency. Whatever modifications the experience 
gained under the four years of life of the present Act 
may suggest, the need for public supervision of the coal 
industry will remain permanently. Some means are 
required for effectively balancing production against 
requirements, whether by control of prices, by control 
of distribution, or by both. A less immediate but more 
fundamental need is to control the opening of new 
mines and retard expansion of capacity beyond rea- 
sonable requirements. Adequate safeguards must be 
provided for maintaining labor standards and protect- 
ing the rights of consumers by Government supervision 
of the system of regulation. 


2. Om AND Gas 


We propose that a Federal oil conservation board 
of commission should be created within the appropriate 
Government department to administer the Federal 
interest in the oil and gas industry and to make neces- 
sary rules and regulations concerning the production 
of and commerce in oil and gas. It should have the 
authority to require that oil and gas extragted by such 
methods as are adequate to avoid waste and to pro- 
tect the interest of all producers drawing from a com- 
mon reservoir. 

It is recognized that the development of minimum 
standards for the production and transportation of oil 
and gas designed to further the national interest in 
conservation of these resources is a complex problem, 
and that such standards should be developed in co- 
operation with the State regulatory agencies and the 
representatives of the industry. It is recommended, 
therefore, that the Connally Act be extended for such 
time as may be necessary for the framing and enact- 
ment of an adequate Federal oil and gas measure. 


3. Water PowrEr 


The Committee wishes to emphasize—as it has in 
its previous reports—that an active public policy of 
multiple-purpose development of water resources is 
desirable, particularly in view of the pressing char- 
acter of problems related to flood control, public water 
supply, stream pollution, irrigation, and navigation. 
An active policy of public development of water power 
is likewise desirable under certain appropriate condi- 
tions. Both the development directly for power pur- 
poses, where there is no conflict with more urgent 
water control, and the best feasible use of the head 
made available by water storage for other purposes 
would contribute toward the attainment of three major 
national objectives, namely: 

(a) Conservation of scarce fuel materials — 
petroleum, natural gas, and the higher grade coals. 

(b) Strengthening the national economy, through 
making cheaper electric energy more widely available. 

(ce) Strengthening the national defense, through 
assuring an ample supply of electric energy in time 
of war. 

Multiple-purpose plans for stream development 
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which are aimed at the several important purposes, 
including direct or incidental power production, should 
be designed and executed in terms of plans for whole 
drainage basins or major sub-basins. Design of the 
power system in any of the basin developments should 
include the best practicable interconnection (a) of 
the several plants within a basin system, (b) of 
neighboring basin systems (within the reach of eco- 
nomic transmission), and (c) of the steam capacity 
built or acquired to balance capacity. Federal policy 
should, in general, embrace eventual merging of pri- 
vate water-power plants into the system covered by 
any basin plan. 

Transmission of electric energy is in many social 
and economic essentials closely akin to transportation 
of commodities. Particularly as the economic limits 
of transmission are extended, we believe that the 
national interest will be served best by coordinated 
systems of interconnections which will make avail- 
able in wider markets energy derived from the most 
economical sources, regardless of whether they are 
large-scale hydro plants or efficient steam plants. 
Such coordinated systems would make the nation less 
vulnerable to attack in time of war and less vulnerable 
to the emergencies of peace as well as better prepared 
for the continuing problems of peace-time develop- 
ment. » 

4, RESEARCH 

Both the production and the use of the mineral 
fuels are accompanied by a large waste of some of the 
most valuable resources of the nation. Naturally, the 
fuels that are easiest to obtain and most convenient 
to use are being depleted most rapidly, leaving for 
future generations fuels more difficult of access, less 
suited to the uses for which they are required on the 
basis of present-day values, or lacking in the con- 
venience that gives them form value. We believe 
that the supplies of these high-grade fuels can be 
protected from unnecessary depletion by research (a) 
to promote greater efficiency in production from the 
standpoint of the percentage of recovery, (b) to pro- 
mote a greater economy in use, and (c) to fill a larger 
part of the demand for energy by the use of lower 
grade fuels. 

Both fundamental and applied research should be 
stimulated and supported by the Federal Government 
in the agencies concerned with the energy resources, 
and this research work should be vigorously pointed 
in the direction of conservation of these resources, i.e., 
toward the efficient use of our energy resources in the 
interest of the national welfare, the avoidance of un- 
necessary waste in their production and utilization, 
and the safeguarding in economic health of the in- 
dustries and populations on which we rely for the 
development of these vital resources. Much of this 
research function can be discharged only by the Fed- 
eral Government, although important parts of it have 
been and should be discharged by the State Govern- 
ments, by educational and other quasi-public agencies, 
and by the affected industries. Wherever conducted, 
however, this basic function of extending the fron- 
tiers of knowledge and application in this field re- 
quires and merits continuing and vigorous stimulation 
by the Federal Government. 
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5. Continuous PLANNING 


A widening interest and responsibility on the part 
of the Federal Government for the wise conservation 
and utilization of the nation’s energy resources raises 
many perplexing questions of policy determination. In 
essence, there must be continuous adequate planning 
and provision for studies which will reflect the best 
technical experience available as well as full consid- 
eration for both regional and group interests. 

Better to provide for continuous planning and 
studies of policies, we recommend the organization of 
an advisory planning group for the energy resources. 
This group, however, should comprise only one unit 
in an over-all planning agency specifically established 
within the Federal Government to serve the President 
and the Congress in an advisory capacity on planning 
and policy matters for all our national resources. 
Members of such an energy resources planning group 
should include representatives from the Federal and 
states agencies concerned, from the industries, and 
outside experts. The organization of such an ad- 
visory planning group would not mean the abolishing 
of the planning functions now carried on by existing 
agencies. To the contrary, planning in existing agen- 
cies would have to be encouraged and strengthened ; 
for without it the over-all planning group would be 
left without background, experience, and technical 
assistance. 


CONCLUSION 


We have pointed out earlier in this statement that 
it is now time to take a larger view; to recognize 
that each of our great natural resources of energy 
affects the others. Bituminous coal, petroleum, natural 
gas, anthracite coal, and water power—in descending 
order of relative contribution to the nation’s energy 
supply—these are the energy foundations of our in- 
dustrial civilization. A policy for any one of these 
resources is bound to affect its relative position with 
respect to the others. 

It is difficult in the long run, therefore, to envisage 
a national coal policy or a national petroleum policy or 
a national water-power policy without also in time a 
national policy directed toward all these energy 
producers—that is, a national energy resources pol- 
icy. Such a broader and integrated policy toward the 
problems of coal, petroleum, natural gas, and water 
power cannot be evolved overnight, for each of those 
problems is amazingly complex and in combination 
they represent more than a simple sum of problems. 

Despite the complexity of those problems, in the 
national interest we shall have to move in the direc- 
tion of solutions. It is well to remember that the 
present and proposed regulatory measures which we 
have discussed are designed to promote the develop- 
ment of the energy resources industries along lines 
that will be consistent with the broad national interest. 
The problems of conservation which dictate these 
measures are not the result of passing emergencies. 
Rather, they are continuing problems, and if they 
cannot be solved by the regulatory approach then 
we may anticipate with some confidence that there 
will emerge an insistent and eventually irresistible 
demand for public ownership and control. 
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It Pays to Study 
Your Auxiliary Drive 


By F. J. VONACHEN 
Troy Engine & Machine Co., Troy Pa. 


ORTY-FIVE power cost surveys were recently com- 

pleted in 43 leading concerns and institutions in 29 
different fields involving 19 different types of driven 
machines. The data were obtained from the engineers of 
these concerns and the surveys checked by them. 
The average power cost in the 43 plants was 0.5 ct. 
per kw-hr., but many were 0.25 and 0.33 and one 
was as low as 0.10 ct. In 24 cases where comparative 
power costs were available, the average investment 
was $1100, the annual savings $1600 and the average 
annual return on the investment 114 per cent. Power 
costs were reduced 71 per cent. These results show 
how easily low power costs can be secured if the 
plant is properly surveyed and the correct equipment 
is installed. 

The reason for this low cost is that the power 
generated is ‘‘By-Product Power.’’ Steam at 80 to 
150 lb. or higher pressures can be generated by a 
boiler at only slightly greater cost than at low pres- 
sures since most of the heat in a boiler is used to 
change the water into steam and the additional 
amount necessary to raise the pressure is relatively 
small. This steam can be put through a prime mover 
which serves as a reducing valve to 
generate power and, depending on ac- 
tual steam conditions, approximately 
90 per cent of the heat in the initial 
steam will be present in the exhaust 
for heating and processing. Thus the 
steam does double duty: First, in 
passing through the prime mover it 
generates power; second, it retains 
approximately 90 per cent of the heat 
in the exhaust for heating and proc- 
essing. 

In the survey all costs were in- 
cluded. These consist of operating and 
fixed costs. Operating costs are lubri- 
cation, extra labor and about 10 per 
cent of the steam cost, depending on 
actual steam conditions, as the other 
90 per cent of the steam cost is right- 
fully charged to heating cost. Fixed 
costs based on 20 year life are: Inter- 
est on investment, say six per cent; 
annual depreciation, five per cent ; an- 
nual maintenance, two per cent. 


Industry 


Artificial Gas 


Distilling 

Food Manufacturer 
Hospitals 

Lumber 


Utilities 


Oil Refining 


Chemical Plants 


State Institutions 


Tabulated data on 45 surveys mentioned in the 
article 
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wPurchased power data not available. 


A typical survey, showing the method of caleula- 
tion for a forced draft fan at Washington State Col- 
lege, Pullman, Wash., is as follows: 





DATA: 
Maximum b.hp.—25.6 at 465 r.p.m. 
Average b.hp.—12.8 at 372 r.p.m. 
Hours operation per year—s040 
Steam pressure—195 lb. g. 
Superheat—0-100 deg. F. 
Back pressure—10 Ib. zg. 
Feedwater temperature ~230 deg. F. 
Cost of steam—39 ct. per 1000 lb. 
Cost of engine drive installed—$722 
Cost of alternate drive installed—$695 
Extra labor for engine drive—none 
Power cost—1 ct. per kw-hr. 
Engine exhaust used for heat and process—100% 


ANNUAL ENGINE were: COST: 

Depreciation—5% of $722 

Average interest at 2 he x 0.0315 

Maintenance—2% of $722 

Steam consumption for average load of 12.2 b.hp. is 594 
lb. per hr. Heat left in exhaust, 91.5%; chargeable 
to engine, 8.5% 

Steam cost chargeable to drive 

Lubrication cost 

Extra labor 


Cee 

ANNUAL ALTERNATE DRIVE COST: 
Depreciation—5% of $695 
Average interest ~. 6-465 x 0.03815 
Maintenance—2% of $695 
Power cost—89,200 kw-hr. at 1 ct. - kw-hr 
Lubrication cost 
Extra labor 


ANNUAL SAVING: 
$963.97—$294.58 
This will pay for extra cost of the engine drive in 
about half a month and give a yearly return on the 
extra investment of almost 2500%. It will pay for the 
entire new drive cost in 13 mo. 

POWER COST AT FAN SHAFT FOR 89,200 KW-HR. 
Engine drive, ct. per Hg onal 
Alternate drive ct. per kw 

Thus the engine drive is 65% cheaper. 





It is suggested that you check your plant for 
possible savings. It will be worth your while. When 
there is need for steam for heating or processing, 
the steam prime mover fits definitely into the picture 
as it produces and maintains low cost power for 
various machines used in the power plant itself and 
in general industrial service throughout the entire 
plant. 


Month: 
ae jonths 
Return on toPay 
Instalied Engine First 


123 


10 
* 
8 


78 


8000 $0 * * 


X Generating Set compared with purchased power. 
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+ 100% for 9 months, 90% for 3 months. 





Air conditioning is not new in Hart- 
ford. .. “Back in 1918,” said T. H. Soren, 
genial v. p. of Hartford Electric, “we 
put in a spray system in our building 
on Pearl st.” . . Later he put a modern 
portable unit in the directors’ room, which 
kept the room at 70 when outside it was 
90. . . Next day came the salesman who 
sold him the unit. “Well, how do you like 
air conditioning now?” he chirped. “No 
d—d good,” said Soren. “But why?” 
protested worried salesman, “I thought 
you liked it.” “I did,” said Soren, “but 
we had a directors’ meeting yesterday 
which usually is over in 15 min. Well, 
yesterday that gang lounged around all 
afternoon and even at 5 o’clock I couldn’t 
get them out of the room. As a result I 
missed my dinner.” 


* * & 


Two large boring mills costing $67,000 
apiece in the G. E. Schenectady turbine 
shop are entirely push button controlled. 
After the work is mounted the operator 
makes all cutting adjustments electrically, 
from panel boards. . . “But we still check 
the work by actual measurement,” said 
the manager. “We still haven’t enough 
confidence to trust the machine.” . . An- 
other mill on the same floor is capable of 
taking a cut one inch square! 


* * * 


A. W. Anthony, Jr., of Pease Anthony 
Scrubber fame has many other interests 
beside designing flue gas scrubbers. . . 
At the Arthur D. Little Laboratory in 
Cambridge he has just patented a new 
photoelectric enlarging camera which 
takes all the “guess” out of enlarging... 
Put the negative in and the photocell meas- 
ures the intensity of the light necessary 
for a given time of exposure. 


This, we feel, is one of the most at- 
tractive pictures ever published. It shows 
W. E. McKibben of the G. E. research 
laboratory demonstrating the power of 
a new type Alnico magnet—one that will 
lift nearly 1500 times its own weight! 
The magnet, scarcely visible in this small 
photograph weighs about 1.85 grams, yet 
has been made to lift 2750 grams in tests. 
About half the size of an eraser on the 
end of a lead pencil, it will, as shown 
here, lift a 5 lb. flatiron with ease. It is 
the most powerful permanent magnet in 
the world. 
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‘Round About 


with the Electrical Editor 


Wart SOMETHING for nothing? Put in a high pressure top .. . Boston 

Edison’s new high pressure top at “L” Street is coming along nicely. Rated 
at 25,000 kw., 1200 lb. pressure, 300 lb. back pressure, it will provide additional 
capacity without additional fuel consumption... O. P. Hood & Sons, famous in 
New England for dairy products, has a new boiler plant in Boston. All tile and 
glass—glass brick. E. M. Laskey is plant engineer ... Glass brick provided such 
a tight building special louvers had to be installed indoors to admit air for com- 
bustion . . . Wilbur Pray, Boston Askania representative, demonstrated sensi- 
tivity of combustion eontrol by opening door; the indicator pointer responded 
at once. 


The hurricane left its mark everywhere in New England. An entire session 
on its effects at the A.I.E.E, Convention in New York was interesting ... 
500 killed, 2000 injured, 2000 homes destroyed, 7000 summer cottages gone, 1000 
cattle killed, 3500 boats wrecked . . . Everybody flood conscious . . . “See that 
line,” said Ben Wood of Terry Turbine as we walked through the Terry factory 
at Hartford, “It’s 11 ft. up and that’s where the water rose... Had a brand new 
$15,000 lathe on floor, had never turned over when water came. Result—mud, 
slime, sand, etc. It had to go back to factory.” ... Floating a half million 
pound 37,500 gal. oil tank back on its foundations was a simple job Ernest Walsh 
of Narragansett Electric’s South Street Station had on his hands after the flood... 
It took 2700 bags of sand to build a dyke and 558 man hours of work, but the 
boys did a neat job. 


National Folding Box Co.’s new boiler plant at New Haven is nearly finished. 
Two 400 lb. Bigelow boilers under Leeds & Northrup control. The job is similar 
to the one put in by H. D. Fisher at New Haven Pulp and Board last year whieh 
was described in our July issue ... Frederick L. Smith of New York is con- 
sulting engineer, same as at Pulp and Board... W. R. Hyde is chief engineer. 


Hartford will soon have largest air conditioned department store—that of 
G. Fox & Co., Hartford’s oldest and finest and founded in 1847. Twelve stories 
high, it is being completely air conditioned. The power plant, excavated out of 
solid rock extends 45 ft. below flood level ... Geo. Kyte showed me the plant. 
Two 400 lb., 750 deg., 60,000 Ib. per hr. B. & W. boilers, four Carrier refrigerating 
compressors totaling some 2000 tons, and a 1000 kw. Terry Turbine-Crocker- 
Wheeler generating unit, all located far below street level, and waterproofed. 


Fluorescent lighting reduces load. New Simonds Saw file plant at Fitchburg, 
Mass., had been arranged for conventional lighting units—load around 600 kw. 
Came fluorescent lighting with 50 lumens per watt instead of 15 to 23 and presto! 
load dropped to less than half ... Francis Sill put Diesel plant in last summer 
. .. Cushing of Buffalo General Electrie says new Oswego plant will be completed 
in summer of 1940. It will run about 10,300 B.t.u. per kw-hr.... Ottawa St. 
Station at Lansing, Mich., will be finished in fall of this year. This will also 
have very low heat rate... 


Electron tubes are being used more. Philip Sporn of American Gas & Electric 
says they are using ignitron exciters on synchronous condenser with good success 
... The “Rhumbatron” is a new ultra-high frequency oscillator. It has high 
output ... Hull of G.E. says electron tubes are not small, they are only young... 
Animated discussion on teaching of electronics at A.I.E.E. conference in N. Y. 
with lots of professors present ... A professor, it was brought out, is nothing 
more than a text book wired for sound. 


“The proof of the pudding is in the eating,” said Mr. Affel of Bell Telephone 
Laboratories. So he set up a circuit described in one of the A.I.E.E. papers, to 
West Palm Beach, Fla., for the members to talk over. Somewhat tantalizing but 
interesting was the fact that as we talked the line carried 15 other conversa- 
tions... And then to the New York World’s Fair where they are showing every- 
thing from a flip flop machine to a 10 million volt lightning generator. Westing- 
house is showing the flip flop, General Electric the lightning machine. Both com- 
panies are showing lots of other things but nobody is showing Grover Whalen. 
He seems to be taking care of that himself, very well ... Only Manhattan 
Islanders are nonchalant about the Fair ... Everywhere there is keen interest 
in it but ask the average New Yorker and he’ll tell you he’ll be d——d if he goes 
to it. But he will—he’s really sentimental at heart but he has to appear 


sophisticated. 
LL ebbing Treo 
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Readers Conference 





These pages are open to readers for the pres- 
entation or discussion of any timely power plant 


topic. 


The Editors invite your participation. 





Emergency Cup-Leather Packing 


WHEN THE cup-leather packing on the piston of a 
4-in. diameter air-lift, attached to one of our machines, 
wore thin and blew out, we were faced with the neces- 
sity of procuring another such packing quickly to avoid 
a major production-loss. The prospects of the loss 
grew when after canvassing the city we found that no 
such substitute packing was available and that a call 
to the manufacturer would have resulted in a loss of 
days. The only alternative was to make a cup-packing 
ourselves, 

First we procured a piece of soft-tanned leather 
about 7 in. in diameter and 3/16 in. thick and worked 
reatsfoot oil into it until it became fairly pliable. 

We then took an old iron casting and turned it out 
to the same diameter as the bore of the cylinder, round- 
ing one edge to a radius of about 1% in. 

From another piece of iron we turned out a plug 
36 in. smaller than the bore. , 

Placing the leather over the hole in the larger cast- 
ing we centered the plug and put it under the chuck 
of an ordinary drill-press, then forced the spindle down 
slowly, using the hand-worm feed . A vise or an arbor- 
press would have served equally well as only a reason- 
able amount of pressure was required. 

The leather as it cupped under the pressure of the 
plug developed an escalloped edge which gradually 
drew into the space between the two iron formers, the 
pressure being applied to slowly giving the leather 
fibers time to compress evenly. 

When the leather was entirely within the former, 
the plug was pushed through until the newly-formed 
cup protruded an inch from the other side. The cup 
was then bound with light wire to prevent it from 
opening up again; cut off close to the female member, 
and stripped from the plug. 
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YW “, 
YZ 
Uy 
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LEATHER DISC 


EXTERNAL SHAPER 
CAST IRON 





CUT AT THIS LINE 
WIRE BINDING 


Procedure in the making of emergency cup-leather packing 


The end of the cup was then skived to an angle of 
about 45 deg., the hole cut in the center for the piston- 
rod and the cup assembled to the rod and retainer 
plates. The skived edge entered easily into the piston. 
and after being entered the wire binding was removed, 
the piston pushed in completely and the cylinder re- 
assembled. : 

The entire replacement time was approximately 
5 hr. and the home-made packing proved to be as 
serviceable and effective as the original. 


West Warwick, R. I. JAMES P. MARSHALL. 


Long Distance D. C. Transmission 


LONG DISTANCE transmission of direct current from 
remote hydro-plants is not so simple as some would 
have us believe. Economy of line losses is only one 
of the factors to be considered. 

In wartime activities, which seems to be one of the 
talking points of the d.c. advocates, we must consider 
the vulnerability of the thousands of miles of compara- 
tively fragile transmission lines. Also, it would seem 
that small plants, near to the points of consumption, 
would be less liable to effective large scale sabotage 
than plants of a million or more kv-a., situated a thou- 
sand miles or more from their load. As a concrete 
example of this fact, consider how simple it would be 
to damage a 100,000 kw. turbo-generator unit, com- 
pared to putting an equal amount of automotive horse 
power out of service. 

While d.c. can be transmitted more economically 
than a.c., the added expense of rectifying and invert- 
ing equipment might possibly offset this initial economy. 

If a constant current system with electron tubes 
and monocyclic network be used, the expense would be 
considerable, and the complexity terrifying. The com- 
paratively small installations now in use make truly 
an imposing spectacle. There would be, of course, cer- 
tain economies of line construction. In turn, these 
economies would tend to be offset by the expense of 
inverter stations at each point of use. It is extremely 
unlikely that the cost of a nationwide direct current 
network has been accurately calculated. 

And we are not at all sure exactly what would be 
the electrical reactions in such a tremendous d.c. net- 
work. While direct current in relatively small amounts 
is comparatively simple, electricity might, and very 
likely would, exercise its prerogatives, which apparently 
are of feminine gender, and show some astonishing 
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reactions when potentials of one-half million or more 
volts of uni-directional current is concentrated in—or 
on—a conductor. 

While circuits of a kind now in use tend to clear 
their faults through inherent inability to maintain the 
arc, they seem to be extraordinarily sensitive to varia- 
tions in load. 

Even with smoothing reactors in the circuit there 
is a decided ripple. What these ripples would lead to 
in a 500,000 v., thousand mile line is, something to be 
conjured with. Perhaps distance would smooth them 
out or the opposite. What would be the effect of this 
rippling, high potential, uni-directional current on con- 
ductors in close proximity? 

A network of this kind would be a monstrous fully 
charged condenser. In event of a fault, cleared through 
the a.c. side, what would be the effect of trying to 
close again? Would there be danger of a flash-back 
endangering the rectifying apparatus? And if the 
network, as a condenser, discharged to ground over 
an insulator, what would happen to the insulator, and 
the surroundings? 

Certainly, before spending millions on a project 
of this kind, it would be most wise to step very carefully. 
Electricity may have many more problems in store 
for us then we bargained for. 

Be it understood that the writer does not for one 
moment believe that such a network is impossible to 
design and build ; but he does hold that when an installa- 
tion is not economically feasible, it is no longer engi- 
neering. 


Wingdale, N. Y. WiLuiAM SHEFFER. 


Epitor’s Note: Mr. Sheffer’s comments are quite 
pertinent though we have a feeling that he is need- 
lessly apprehensive. Although there has been con- 
siderable interest in the feasibility of long distance 
direct current transmission as far as we know no serious 
consideration has been given to the actual projection 
of such lines, though some experimental work has been 
done. Naturally, the rectifying and inverting equip- 
ment necessary in the direct current scheme are expen- 
sive and do complicate the set-up, but this equipment 
would be installed at comparatively few points. As 
we regard the question, long distance d.c. transmission 
would not supplant the present alternating current 
systems, rather, it would supplement the existing a.c. 
systems. Points of interconnection between the d.c. 
system and the a.c. system would be relatively rare, and 
where they did occur they would be designed only to 
take power from the d.c. system for further local (say 
up to 300 miles) distribution by the a.c. networks. 

As to the capacity effect of the long d.c. lines, we 
do not believe that they would be as serious as Mr. 
Sheffer implies, since the flow of electricity would be 
governed almost entirely by the resistance of the line, 
the capacity effect would disclose itself only under 
transient conditions. The capacity effect undoubtedly 
would be of considerable magnitude but not of such 
proportions that modern electrical engineering tech- 
nique could not predict or cope with. 

As to the economies of the scheme, that is another 
and an involved aspect of the problem. The term 
economies is one of broad meaning and subject to a 
number of interpretations. The economic value of any 
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project is dependent upon so many variables that one 
can not indulge in generalities. As pointed out in the 
editorial on p. 233 what is not economical in one set of 
cireumstances may be perfectly sound economically 
under* another set of circumstances, and it is well not 
to limit our thinking too much by general considerations 
in this respect. Time alone will tell. 


Phlogiston and Electrons 


In your series ‘‘ Electron Tubes,’’ Part IX (Octo- 
ber, 1936), I found the use of the term ‘‘breakdown”’ 
in the following sentence: ‘‘ Aside from the sudden 
blue glow in the tube, breakdown will be indicated by 
the sudden fall of the plate voltage. ...”’ 

What is meant by the term breakdown in this sen- 
tence? In some parts of these articles on electron tubes 
the word breakdown seemed to be used for describing 
the starting of current discharge in tubes this is, at 
the starting of current discharge in tubes at least this 
is my impression. The sudden fall of the plate vol- 
tage described in the above sentence would be the oppo- 
site of current flow. I am not quite certain that I fully 
understand this. 

In Part XXI of the same series (November, 1937), 
there is a description of electron flow from the cathode 
to the anode and of positive ions in the opposite direc- 
tion. Is not electric current supposed to be the flow 
of electrons from the negative pole to the positive 
alone? Should there be two flows in opposite direc- 
tion in this case? Why then a single flow in any other 
electric circuit? As the cathode and anode are sta- 
tionary in the described example, I cannot imagine 
that a relative flow was meant, besides, I cannot under- 
stand why electrons after being emitted from the 
cathode should undertake a trip to the distant anode 
when there are positive ions all around waiting for a 
chance to attract an electron. 

These are the problems that bother me after reading 
your excellent articles about the electron tubes. 

I have many other problems and doubts in connec- 
tion with the all-explaning electron theory but I will 
not bother you with these problems, as I had them long 
before reading about the thermionic tubes in your 
magazine. 

But one question I must ask. 

As a school boy I listened to my teachers ridiculing 
the scientists before Lavoisier for the developing of the 
Phlogiston theory to explain oxidization. What fools 
(according to my teachers) were those scientists for 
giving screwy explanations about very simple things. 

Remembering that, I would like to ask some author- 
ity on the electron theory, if they think sometimes that 
the electron theory is a little ‘‘screwy.’’ I do not see 
anything difficult in the electron theory, at least not in 
the more popular form that I know, but sometimes 
the explanations of different phenomena seem to me to 
be very artificial. 

After finishing my questions I would like to express 
to you my gratitude for giving in your magazine series 
of articles on different subjects like ‘‘ Electron Tubes”’ 
or ‘‘Steam Turbines,’’ and I hope to read more such 
articles in your publication in the future. 

Brooklyn, N. Y. JOSHUA SZECHTMAN. 

P. S.: Before mailing this letter I looked over my 
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newly acquired book Electricity—What It Is and How 
It Acts and noticed the statement about the positive 
atom nuclei being smaller than electrons. With this in 
mind I would refer you again to Part XXI of Electron 
Tubes. There you will find the statement that positive 
ions are much more massive than electrons. At least 
in the case of hydrogen I could not accept both state- 
ments as possible. How can these statements be rec- 
onciled ? 

A.—It was rather harsh to call the phlogistonists 
fools for adhering to a theory which, after all, served 
their purpose quite well. It explained combustion and 
oxidization and in the century it held sway produced 
some very fruitful results. The phlogiston theory 
served its purpose and that was all that was required 
of it: and the same is true of the electron theory. If 
it can be demonstrated. at some future time that 
the electron theory is false (a rather remote possibility 
since experimental evidence is overwhelmingly in its 
support) it still, will have served its purpose, since it 
has permitted us to solve many difficult problems and 
has enabled us to build all sorts of marvelous devices. 


As I point out in my book ‘‘Electricity—What It 
Is and How It Acts’’ (Vol. 1, p. 143) when we talk 
glibly of atoms and electrons we may wonder, despite 
experimental evidence, whether they actually exist. 
And, as I proceed to show, while we may not be able 
to prove absolutely that they do exist, we probably 
know that they exist quite as definitely as we know the 
existence of the chair we see on the other side of the 
room. For after all, when we see a chair we are merely 
conscious of a definite pattern produced on the retina 
of our eyes by electromagnetic radiation reflected from 
an object we call a chair. 

No, the difference between your teachers at school 
who ridiculed the Phlogiston theory and the scientist 
who employs the electron theory is that the scientist 
is quite conscious of the hypothetical character of the 
theories he deals with. His faith in them is not the 
undying faith of the ignorant but rather the tolerant 
attitude of the intelligent man towards matters which 
he knows are not serious. He knows whatever truth 
there may be in his theories will endure and that that 
which is not true will be replaced by something more 
nearly true. 

The electron theory, fundamentally, is simple, as 
you say, but its implications are extremely complex 
and if the explanations may seem artificial at times, 
this is not the fault of the theory perhaps as much as 
our own inability to visualize phenomena which involves 
so many variables. What happens in an electron tube 
can best be expressed by mathematics because then we 
ean deal with all the variables without having to visual- 
ize them. 

So much for that. I’m sure you understand it. As 
to the meaning of the term breakdown with reference 
to gas filled tubes, it means merely the sudden transi- 
tion of the gas within the tube from a non-ionized state 
to an ionized state, when the critical plate potential 
is reached. Your confusion concerning the meaning 
of the term fall of the plate voltage is due probably to 
the fact that you do not regard the discharge within 
the tube as an are, that is as a third class conductor. 
The discharge in a gas filled tube, however, is a true 
are and it has the characteristics of an are. Therefore, 
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an increase of current results in a decrease in the poten- 
tial drop across the are. 

Just before ‘‘breakdown,’’ the gas between the 
cathode and anode is virtually an insulator; the mole- 
cules and atoms are practically all neutral and what 
current may exist is due only to the relatively few elec- 
trons emitted by the hot cathode. As the plate potential 
increases there suddenly comes a time when the ioniza- 
tion potential of the gas is reached and then the elec- 
trons in their passage from the cathode to the plate have 
sufficient velocity to ionize the atoms of gas in their 
path. The ions so produced are acted upon by the field 
between the cathode and anode and are accelerated by 
the field, the electrons toward the anode and the positive 
ions toward the cathode. The action is progressive and 
because of the much greater number of carriers (ions) 
the current increases enormously. At the same time 
the potential is reduced. 

Your conception of an electric current as being a 
flow of electrons from the cathode to anode is not en- 
tirely complete. In the case of metallic conduction, yes, 
that is true, the current consists almost entirely of a 
drift of free electrons within the metal. But in the 
case of liquid and gaseous conductors this is not neces- 
sarily so, the current consists of both electrons and 
positive ions traveling in opposite directions. 

Consider for example two ions, one a positive ion, 
say the nucleus of a hydrogen atom, and the other a 
single electron which is a negative charge. Suppose 
these two entities are disposed in free space away 
from other charges as shown here: 


POSITIVE ION 
THE TOM (PR OF THE 
P 


H ATOM (PROTON) 


(NEGATIVE) ELECTRON 


There will be an electric field between these two entities 
which is represented by the dotted line. In the absence 
of any other forces, these two entities will be attracted 
towards each other, the electron traveling toward the 
left and the proton towards the right. 

Now this movement of these ions towards each other 
constitutes an electric current, in fact this is the small- 
est current possible. 

The speeds of these two entities are different. The 
mass of the proton is some 1800 times greater than that 
of the electron; therefore, since they are both acted 
upon by the same force, the electron will move much 
more rapidly than the proton. 

This then also answers your question as to why 
electrons undertake to travel all the way to the distant 
anode when there are positive ions all around waiting 
for a chance to attract them. Many electrons do com- 
bine with the positive ions, in fact it is this very re- 
combination of electrons and positive ions that is 
responsible for the visible radiation emitted by the are 
in a gas filled tube. The electrons are much more 
mobile, however, and under the action of the plate 
potential are drawn toward the anode much more 
rapidly than the positive ions toward the cathode. 

Regarding my statement in Part XXI of Electron 
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Tubes, that the positive ions are much more massive than 
electrons and another statement in ‘‘ Electricity—What 
It Is and How It Acts’’ that the positive atom nuclei 
is much smaller than electrons, these are both true. 
Practically all of the mass in, say, a hydrogen atom 
resides in the nucleus. The nucleus in fact has a mass 
1845 times that of the electron. At the same time it is 
much smaller. Of course it is unwise to speak of the 
size of a proton or electron since in one sense the size 
of every charged particle extends to the uttermost 
limits of space, but with respect to their direct sphere 
of influence, the proton is probably only 1/100 the size 
of the electron. There is ample experimental evidence 
in support of this and I refer you in particular to 
Millikan’s book ‘‘ Electrons (+ and —) Protons, Pho- 
tons, Neutrons and Cosmic Rays’’ which discusses this 
whole subject from a much more up-to-date standpoint 
than my own book, which is now ten years old. A 
great deal has been discovered since that time, but the 
fundamental implications in my book are still substan- 
tially correct. 
A. W. Kramer, 
Electrical Editor. 


Putting on a Wide Power Plant Belt 


IN PUTTING wide belts on power plant or other 
machinery, don’t use the old method shown in Fig. 1. 
That sketch shows how wide belts are generally run 
onto a moving pulley, the lower pulley being the 
standing pulley and the upper pulley the running 
pulley. That method is wrong because the belt is too 
far over to the left on the lower pulley and is in such 
a position that the left-hand edge of the belt may be 
stretched seriously before the belt will pass com- 
pletely onto the upper pulley. This may not look 
like much of a stretch but when it is considered that 
the upper pulley is round and that the actual stretch 
is equal to 3.14 in. for every inch of radial difference 
the reader will begin to realize how important it is 
to put a large belt on properly. The wider the belt 
the more serious is this error. 

Figure 2 shows the correct way in which to put 
on a wide belt. By holding and guiding the belt so 
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Fig. |. Incorrect 
method of putting 
on wide belt 


Fig. 2. Wide belts 
are not injured by 
this method of put- 
ting them on pulleys 
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that it will run onto both pulleys simultaneously there 
will be no uneven stretch. 

These sketches are not exaggerated in the least. 
By taking a piece of paper or rule, and measuring, 
it will be found that the belt in Fig. 1 is the same 
length as the belt in Fig. 2 and that the error shown 
in Fig. 1 is real and not imaginary. 

Many an expensive new belt has been permanently 
ruined before it has even been used by forcing it 
onto the pulleys in a manner as shown in Fig. 1. 

For example, if the upper pulley is 30 in. wide 
and 30 in. in diameter; the lower pulley 30 in. wide 
and 60 in. in diameter; and the distance between 
centers is 120 in., it is easy to figure that the stretch 
of the left-hand edge must be 8.47 in. greater when 
the belt is put on as shown in Fig. 1 than when put 
on correctly as per Fig. 2. Obviously, if one edge of 
a belt is stretched 8.47 in. more than the other during 
the putting-on process it is quite likely that the belt 
will run crooked during its entire life. 

Newark, N. J. W. F. ScHapHorst. 


Oil Pump to Fill Lubricator 


By THE use of a hand oil pump connected as shown 
in the illustration, a hydrostatic lubricator can be 
easily filled without draining water from the reservoir 
or loosing oil from the lubricator. The filling is done 
by pumping oil in the top of the lubricator which 
forces the water back through the condenser pipes. 





Hydrostatic lubricator equipped with pump connected through adapter 


To give the engine extra oil, close the valve on the 
condenser pipe and force the oil through the sight feed 
by operating the pump. 

If the oil pump discharge connection is not the 
exact size to fit the lubricator, an adapter can be made 
out of a nipple turned to proper sizes and threaded 
as needed. 

Hamilton, O. Henry L. HAMMERLE. 
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ew Equipment 





Information that you desire about any equip- 
ment will be gladly furnished without obligation. 


WRITE POWER PLANT ENGINEERING. 





High Interrupting Capacity 
I-T-E Circuit Breaker 


Type ET-20 General Purpose air cir- 
cuit breakers, as illustrated, although ap- 
plicable to many classes of service, are 
intended, primarily, for use as mains in 
panelboards and for circuit protection of 
main distribution feeders in switchboards 
where concentration of power requires a 
breaker of 20,000 amp. interrupting 
capacity. The unit is readily convertible 
to either front or rear connection. The 
poles open and close simultaneously and 
are operated by a single handle. Each 
pole is equipped with an inverse time 














thermal overload and an instantaneous 
magnetic trip feature, both operating on 
a common trip so that an overload on 
any pole opens the breaker. The trip 
units are interchangeable and are cali- 
brated and contained within a case which 
is sealed to prevent tampering. The in- 
stantaneous trip features are calibrated 
at six to eight times the rating of the 
circuit breaker. Type ET-20 breakers 
are trip free of the handle in any posi- 
tion and cannot be held closed against 
heavy overloads or short circuits. The 
handles are dark red bakelite to be dis- 
tinguished from the standard 600 amp. 
frame circuit breaker. Type ET-20 
breakers have a rated interrupting ca- 
pacity of 20,000 amp., tests for which 
are made on circuits adjusted to this 
amperage (at the specified voltage) be- 
fore the unit is introduced into the cir- 
cuit. These breakers are manufactured 
by the I-T-E Circuit Breaker Co. of 
Philadelphia, Pa. 


Test Outfit for Measuring 
Oxygen Dissolved in Water 


ReMovaL of dissolved oxygen from 
boiler feedwater is desirable in order to 
avoid corrosion of piping, economizers 
and boilers. Deaeration can be accom- 
plished both effectively and inexpen- 
sively by suitable mechanical equipment, 
but to insure continued proper function- 
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ing of, and adequate protection to, all 
parts of the equipment, the operating 
engineer needs facilities for conveniently 
and accurately measuring the dissolved 
oxygen content of water. Such tests 
must be made by the operating engineer 
on the job as a part of routine opera- 
tion, which can readily be done if suit- 
ably designed testing apparatus is pro- 
vided. 


The standard Winkler procedure has 
been adapted by Bull & Roberts, con- 
sulting chemists, New York, N. Y., to 
meet the needs of the practical engineer, 
and they have designed the testing cabinet 
shown in the accompanying photograph. 
The cabinet is of welded steel construc- 
tion, with baked enamel finish, and all 
apparatus clips are, of stainless steel. To 
gather the sample of water to be tested, 
specially designed sampling bottles which 
minimize the danger of trapping air at 
the completion of the sampling operation 
are provided. The bottles have Neoprene 
stoppers to avoid the negative interfer- 
ence which arises from the use of vul- 
canized rubber stoppers. The cabinet 
measures 17 by 13 by 7% in. and all 
apparatus is firmly secured against break- 
age. Plainly worded, but complete and 
precise, instructions accompany the cabi- 
net and test kit. : 


Recording Thermometers 


Mape by the Jas. P. Marsh Corp. 
2073 Southport Ave., Chicago, Ill, the 
new No. 70 Serviceman Recorder meas- 
ures 5 by 6 by 2% in. and weighs less 
than 2 lb. The measuring elements are 
accurately made and thoroughly tested. 
A bi-metallic spiral of advanced design 
is used in the temperature recorder. An 
outstanding feature is the pen and pen 
arm which was specially developed for 


the Recorder. The arm has a friction 
hinge which permits it to be swung clear 
of the chart for. quick and convenient 
chart replacement. A pointer on the 
dial enables the operator to set the chart 
at the proper time. The chart is rotated 
by an accurate, fully adjustable clock 
movement, wound by a convenient knob 
extending through the back of the case. 
The case is smooth, cast-aluminum, hand- 
somely finished in satin black, with 
highly polished chrome bezel. An ac- 
curately fitted hinged door which is eas- 
ily opened for changing charts and dust- 
tight when closed forms the front of the 
instrument. 


Indicating Gage 


IntRopUCcED by The Foxboro Co., Fox- 
boro, Mass., and designed for use where 
endurance as well as accuracy is a prime 
factor, the Model P indicating gage with 
an all-welded steel construction affords 
perfect protection on applications where 
there are fumes or vapors corrosive to 
bronze. The absence of solder and bronze 
in this gage eliminates the risk of fire 
hazard. 

A special Chapmanized steel of high 
Brinell rating is employed in the pinion, 
segment, arbor and connecting link of the 
new Model P. To eliminate binding or 
raggedness in pointer motion and to in- 
sure a smoothly-operating movement, 
the segments and pinions used in these 
Foxboro gages are not blanked in, but 


instead have milled teeth. The movement 
plates, columns, links and shoulder 
screws are made of stainless steel. 

Threaded rings, equipped with gas- 
kets, make the Model P gage completely 
moisture-proof and vapor-proof and also 
serve to retain the extra-heavy glass 
firmly in place. Incorporated in this 
gage, the 270 deg. bourdon spring makes 
possible the use of springs double the 
range of the gage without increasing 
the movement multiplication or decreas- 
ing the accuracy of the gage. Chrome 
molybdenum steel is used for ranges up 
to and inclyding 1000 Ib.; above that, 
nickel steel tubing is used. 
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Here’s a sturdy quartet of dividend-paying valves. 
Right, Ferac 250 lb globe stop — lower left, steel 
300 lb blow-offs — upper left, 400 - 600 lb check. 
Pressurewise, these valves form base of Edward line. 


Same Would Call 'Em 


s well as higher pressure 
e o e 


THE EDWARD VALVE & MFG. CO., INC. 
EAST CHICAGO INDIANA 
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TRICTLY speaking, that's what 
they are, the Edward 250 & 
300 Ib (primary steam rating) 
valves, even though they are the 
two lowest pressure groups in the 
Edward family. When you talk 
high pressure to an Edward man 
he thinks of 1500 lb (steam) or 
10000 1b (hydraulic) valves which 
are stocked in the bins. Be that 
as it may, Edward valves are all 
blue bloods. There’s not a point 
of essential difference, except 
weight and dimensions, between 
the 250-300 pounders and their 
top pressure-temperature brothers. 
Cut shows 3” 400 lb check which 
is same as 600 lb. 

Edward Ferac (high strength 
iron) and Edward 300 lb (steel) 
lines are associated because 
dimensionally they are alike. If 
it's steel you want, these valves, 
measured by any yardstick, have 


HIGH PRESSURE VALVES 


everything. But often Ferac is just 
the material to serve your needs. 

Re-siyled in recent months — 
some of the important changes not 
visible to the eye — these valves 
are self-evident class. 

ADD UP THEIR POINTS— 
EValloy seats, disks and non- 
return piston rings — castings 
carefully correlated as to 
chemicals and physicals — heat 
treatment under rigid laboratory 
control — contours cleverly formed 
to minimize efficiency-reducing 
eddies — disks guided by self- 
scouring ribs — high precision 
inspection — simplicity and 
strength — and you have to 
pronounce them real valves. 


EDWARD 
VALVES 
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Multi-breaker 


THE Square D Co, 
Detroit, Mich., has ex- 
tended the Multi-breaker 
R to meet special lighting 
panel requirements of the 
industrial field. The type 
LX is built to fit into the 
recesses of H-beams com- 
monly used in the con- 
struction of modern 
plants. 

These narrow panels 
are available in two sizes 
for either 8 or 10 in. 
beams. The circuit break- 
ers are type M Multi- 
breakers and can be fur- 
nished in single and 
double pole branches up 
to 50 ampere capacity. 

These narrow column panels are avail- 
able for either 3 or 4 wire alternating 
current service. 


Charge Control for 
Storage Batteries 


Tue Evecrric STORAGE BATTERY Co., 
of Philadelphia, Pa. has recently com- 
pleted the development of a control unit 
which will keep stationary storage bat- 
teries fully charged with minimum su- 
pervision and at little cost. This unit, 
known as the Exide Charge control, 
Model ES, is designed for use with any 
of the following charging systems—bulb 
or dry disc types of rectifiers, d.c. gen- 
erators, or d.c. bus with charging resis- 
tors. 

Enclosed in a metal cabinet measur- 
ing 11% by 107/10 by 4% in. is a small 
self-starting synchronous motor-driven 
interval time switch operating from the 
60 cycle supply which starts the charge 
or increases it once every hour by re- 
setting a (TVR) temperature compen- 
sated relay which, in turn, operates an 
auxiliary relay. 


As soon as the battery voltage rises 
to the TVR relay operating voltage, the 
contacts of the latter open, deenergizing 
the auxiliary relay, which opens its con- 
tacts to stop the charge. A continuous- 
charge toggle switch is also provided in 
case it should be desired to temporarily 
discontinue the automatic charging fea- 
ture. 

Not only does the new control greatly 
reduce the amount of manual supervision 
required, but it assures increased battery 
life and greater economy of charging 
current, 
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Face Shield 


ALTHOUGH not designed to replace 
goggle protection, these face shields, just 
announced by the American Optical 
Co., Southbridge, Mass., are suitable for 
light duty work on operations such as 
metal hand sawing, sanding, buffing, and 
light grinding. 

Compactness and light weight make 
these shields comfortable to wear under 
all conditions. The windows are made 
of a durable, transparent material, meas- 
uring 4 in. by 9 in. and assure all round 
clear vision. An aluminum binding strip 
gives them rigidity to prevent warping, 
yet permits shaping them to accommo- 
date large features. The shields may be 
worn with or without prescription glasses 
and are supplied in clear, amber, or 
green windows. Two of the models are 
equipped with a genuine leather sweat- 
band. The headbands are instantly ad- 
justable for an accurate comfortable fit 
on any face. 


Flush Type Mounting 
for Pyrometer 


ILLINo1Is TESTING LABORATORIES, INC., 
420 N. La Salle St., Chicago, IIl., an- 
nounce a new flush type mounting for its 
rectangular Alnor multi-point pyrometer 
used for checking the exhaust temper- 


atures of Diesel engines. The instru- 
ment itself is similar to the rectangular 


front-of-board style formerly offered 
and described in bulletin No. 3179. This 
instrument was described on page 606 
of the September, 1938, issue. 


Instrument Covers 


Biossom MANUFACTURING Co., 79 
Madison Ave., New York City, manu- 
facturers of oiled silk and oiled silk 
products, announce the development of 
oiled silk covers for scales, meters, dials 
and instruments of all kinds that need 
waterproof and dustproof protection to 
insure reliable and accurate reading. 
These covers are transparent so that the 
readings may be made without removing- 
ing the protective covering. 


Pneumatic Scaling Hammer 


AFTER extensive tests in the field, a 
new type of pneumatic scaling hammer 
which is said to be unusually powerful, 
considering its lightweight, has just been 
introduced by The Roto Co., 133 Sussex 


Ave., Newark, N. J. The new Roto 
scaling hammer descales boiler drums, 
headers, evaporators and drills holes in 
concrete and metal. It also chips any- 
thing from wood to steel castings, and is 
used for scraping paint, rust and ship 
hulls. The hammer weighs less than 6 
Ib. and operates at from 40 to 90 Ib. 
pressure, consuming only 10 cu. ft. of 
free air per minute. Its shape was de- 
signed to facilitate operation in tight, 
inconvenient locations. A ground steel 
plunger is the only moving part. A flat 
chisel and star drill are furnished with 
each hammer. 


Hoist 


MaRKED changes in 
spur gear chain hoist de- 
sign have been incorpo- 
rated in the new Power 
Master Controlled Grav- 
ity Lowering chain hoist 
made by Coffing Hoist 
Co., Danville, Ill. Lower- 
ing speed is controlled by 
clutch and governors, 
positive in action, and the 
load may be stopped at 
the fractional part of an 
inch. No hand-over-hand 
operation of chain is used 
to lower load. Another 
feature is the free chain 
for quick up-or-down 
load chain adjustment. 
When there is no load on 
hoist, by pulling down on 
right side of the hand 
chain, it permits the load 
chain to be adjusted to the load without 
a lot of waste motion on the hand chain. 
Having lubri-sealed ball bearings, with 
planetary gear system sealed and running 
in oil, the Power Master is equipped with 
special Diamond chain and is built in 
capacities ranging from one ton to eight 
tons, with unit weights as low as 86 |b. 
for the l-ton and only 169 Ib. for the 
8-ton. 
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STABILIZED 
WATER ti? 


TEMPERATURES 

UP TO 400°F. 
Prevents deposit of scale in feed- 
lines, pumps, heaters, feed water 
regulators, high temperature 
closed heaters, and economizers 
in new high pressure, high 
rating plants. 














BEFORE—2 highly magnified | steadily increasing numbers, industrial organizations 
, view shows calcium 





as ae all over the country are installing new high pressure, 
water that has been softened, but not high rating steam generating plants for power and process 
oe service. In virtually every case, these plants need special 
——— treatment of feedwater to prevent scale formation during 
Bo an aes the pre-heating stages. 
Pada cand 2 Nalco met this situation a number of years ago and 
developed exclusive treatment (Nalco No. 8 and No. 18) 
for stabilizing the feedwater during its passage through 
auxiliary equipment. Today, Nalco still leads in being 
able to give you water that is stable up to 400°*. Nalco 
products have also been used extensively for stabilizing 
water in cooling and hot water systems of every de- 
scription. 
: Spe For information, see your local Nalco field engineer, 
— or write, NATIONAL ALUMINATE CORPORATION, 
AFTER— Here is how the same —- §224 -W. 66th Place, Chicago, Il. 


water looks after being 








stabilized by Nalco treatment. It has been *Reaction is held back until the incoming feedwater mixes 
subjected to the same heat. with the relatively higher concentrations in the boiler. 
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Inquiries other than domestic, except those from U. S. Possessions, Canada and Mexico, should be addressed to ALFLOc LTD., Bush 
House, Aldwych, London, W. C. 2, Eng. Canadian inquiries should be sent to ALUMINATE CHEMICALS LTD., 372 Bay St., Toronto, Ont. 
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Air Flow Meter 


Baitey Meter Co., Cleveland, Ohio, 
announces the development of a dia- 
phragm-operated air flow mechanism for 
its standard Steam Flow-Air Flow 
Boiler Meter. 

Use of this mechanism simplifies the 
application of boiler meters to steam 
generating units in which high static 
draft conditions are likely to be encoun- 
tered. With it, air flow connections may 
be made at locations in economizers, air 
heaters, or boilers where high draft con- 
ditions preclude the use of the usual 
oil-sealed air flow mechanism. It employs 
a large diaphragm which is clamped be- 


tween the flanges of a metal housing. 
Air flow connections from the boiler are 
made to this housing on each side of 
the diaphragm so that changes in differ- 
ential pressure are measured and re- 
corded in terms of air flow. The dia- 
phragm is made of silk and is coated 
with a compound which renders it air 
tight and impervious to both heat and 
moisture. 

In addition to recording air flow and 
steam flow, the standard Bailey boiler 
meter may be also record flue gas temper- 
ature on the same chart along with the 
other two records. The record of flue 
gas temperature is distinguished by re- 
cording it in green ink, while the steam 
flow is recorded in red ink, and the air 
flow in blue ink. 


Photo-electric Flame 
Control 


THE WHEELCO INSTRUMENT Co., 1933 
S. Halsted St., Chicago, Ill., has just 
introduced the “Photo-Head” (photo- 
electric receiver), an adjunct to the 
Wheelco Flame-Otrol safeguard. It is 
designed for fuels other than gas, burn- 
ing with luminous flames. The “Photo- 
Head” takes the place of the standard 
electrode, using the same Flame-Otrol 
and affording the same instantaneous 
protection against flame failure. It pro- 
vides safe, supervised, automatic igni- 
tion of oil burners, making the appli- 


cation of automatic on-off control pos- 
sible with intermittent or constant pilots, 

This Photo-Head is designed to act 
instantly upon flame failure in furnaces, 
boilers, ovens and heaters. It is sensi- 
tive to the characteristics of a luminous 
flame, but not responsive to heat radia- 
tion from combustion chamber. In con- 
junction with the Flame-otrol, it shuts 
down the fuel supply with lightning 
speed, preventing entry of unburned fuel 
into combustion unit and eliminates this 
source of explosion hazard. 

In cases where combustion equipment 
uses combination fuels, such as: pulver- 
ized coal and gas, oil and gas or pulver- 
ized coal, oil and gas, the “Photo-Head” 
is used in conjunction with the standard 
electrode. 


C-O Two Baffle Type 
Nozzle 


DEVELOPED by the C-O Two Fire 
Equipment Co., 560 Belmont Ave., 
Newark, N. Y., the new and improved 
C-O-Two Baffle type nozzles provide a 
non-turbulent distribution of gas from 
C-O-Two carbon dioxide fire extin- 


guishing systems. These new nozzles 
reduce the velocity and pressure of 
the discharge and permit rapid expan- 
sion and non-violent penetration of the 
gas throughout the entire protected area. 
They are compact and do not require a 
protruding horn or metal enclosure which 
might become damaged or knocked off. 


Parasitic Suppressor 


A NEW, convenient, compact Parasitic 
Suppressor has been designed and pro- 
duced by the Ohmite Mfg. Co. of Chi- 
cago, to prevent ultra-high frequency 
parasitic oscillations. 


Parasitics are self-oscillations at un- 
wanted frequencies which occur in the 
plate and grid leads of parallel or push- 
pull tube circuits. Such parasitic cause 
a waste in useful output energy, as well 
as distortion. 

Simply by inserting the new Ohmite 
Type P300 Parasitic Suppressor in the 
grid lead at the tube socket, the parasitic 
oscillations are destroyed. 

This Parasitic Suppressor is a non- 
inductive vitreous-enameled resistor com- 
bined with a choke into one integral 


unit in a new, more compact, more con- 
venient way. It is only 1% in. long 
overall and % in. in diameter—is very 
easy to mount—and is small and light 
enough to be inserted in the lead without 
requiring any support. 


Mogul Pressure Jet 


ASSURING positive elimination of rust, 
scale, corrosion and congestion in high 
or low pressure steam lines, The North 
American Fibre Products Co., Keith 
Bldg., Cleveland, Ohio, announces a new 
feeding device Mogul Pressure Jet which 
consists of a housing containing a copper 
coil through which a special treating 
material is atomized and injected into 


ee so 
oe 


ai Me BT ts 


ae 
& 


steam mains. Only two connections are 
made on the steam mains. 

It is said that the equipment and ma- 
terials are very effective in removing in- 
crustation without interruption of steam 
service and in speeding up the transmis- 
sion of steam heat in processing, heating 
and manufacturing. 


Steam Turbines 


FoLLow1nc extensive field experience 
in service, improved multi-stage steam 
turbines for general purpose drives are 
announced by Westinghouse Electric & 
Mfg. Co. These improved turbines 
range from 100 to 2000 hp., one-hundred 
to 5500 r.p.m. and are particularly suit- 
able for driving pumps, fans, compres- 
sors, pulverizers and other machinery in 
process, brewing, central station, paper 
mill, petroleum, waterworks, marine, and 
similar industries. 


Bia iitbiiisis sited # oe 

Modifications of one basic design pro- 
vide for condensing, condensing extrac- 
tion, non-condensing, non-condensing ex- 
traction or mixed pressure service. The 
steam turbines known as Type “M” can 
be supplied for steam pressures up to 
650 1b., steam temperatures to 750 deg. 
F., exhaust pressures from 200 Ib., to 29 
in. of mercury and extraction pressures 
to 
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THE COMPLETE LUNKENHEIMER LINE 
Immediately Available 


From Distributors Conveniently Located to Serve You 
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VALVES OIL AND GREASE CUPS 


Bronze, lron, Steel and Corrosion-Resistant Glass, Bronze or Aluminum Body Oil Cups; 
Alloy; Globe, Angle, Cross, Check, Gate, Bottle Oilers; Constant Level Oil Controls; 
Throttle, Non-return, Blow-off, Pop Safety, “Glaswick’’ Oil Cups; Automatic or Screw 
Relief, Whistle, etc. Feed Bronze Grease Cups. 


BOILER MOUNTINGS LUBRICATORS 


Non - return, Pop Safety and Blow - off For Steam, Gas, Gasoline, Oil Compressor 
Valves; Water Columns, Water Gauges and Pump Cylinders; Gravity Feed or 
and Gauge Cocks; Fusible Plugs. Hydrostatic. 


Whistles, Cocks, Fittings; Unions, Air Nozzles, Ete. 


The Guide is a ready reference for selecting Valves, Boiler 
Mountings and Lubricating Devices in which products are 
grouped by pressure, type and use. List Price Schedule 
R1 gives new list prices of Lunkenheimer Products. Ask 
— local Lunkenheimer distributor for copies or write 
us direct, 


ESTABLISHED 1862 


THE LUNKENHEIMER CS. 
—WQUALITY’=— 








BOSTON PHILADELPHIA 
EXPORT DEPT, 318-322 HUDSON ST., NEW YORK 
28-55B-44 
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Valve Positioner 


DEVELOPMENT of a new Valve Posi- 
tioner for use on diaphragm control 
valves to overcome the effect of friction 
in the valve stem and top is announced 
by The Bristol Co., Waterbury, Conn. 
This pneumatic device is recommended 
for use on all air-operated control instal- 
lations where close control is of para- 
mount importance and particularly on 
= where there is considerable process 
ag. 


This valve positioner assures a pro- 
portionate valve stem travel for even 
the slightest change in the pressure of 
the air from the controller. Any friction 
that might tend to prevent the valve disc 
from coming to its intended position in 
order to maintain close control is com- 
pletely overcome. 


High Speed Engine 
Indicator 


For designers and manufacturers of 
high-speed internal combustion engines 
research engineers of the RCA Mfg. 
Co., Camden, N. J., have developed an 
electrically operated engine-indicator dia- 
gram equipment for accurate and depend- 
able measurement of rapidly changing 
cylinder pressures. 

Eliminating inaccuracies due to fric- 
tion and inertia of mechanical indicat- 
ing instruments, the RCA equipment as- 
sures instant sensitivity and ease of op- 
eration. It is composed of a pressure 
unit of revolutionary design, a cathode- 
ray oscillograph, an amplifier and a syn- 
chronizer unit. 


The pressure unit, unaffected by tem- 
peratures up to 350 deg. C. and built 
to withstand pressures up to 5000 Ib. 
per sq. in., consists of two quartz crys- 
tals mounted in a stainless steel holder 
designed for insertion into a threaded 
hole in the cylinder head. A piston at 
the lower end of the holder receives 
pressures within the cylinder and trans- 
mits them directly to the crystals. 

Electrical charges exactly propor- 
tional to the pressures are imparted to 
an electrode between the crystals and 
then conducted to an output cable. The 
charges, besides being in exact propor- 
tion to the pressures, vary instantly with 
pressure variations. Accuracy of the 
unit is high at engine speeds of over 
1000 r.p.m. on four-cycle engines. For 
engine speeds under 500 r.p.m., the unit 
is not recommended. 


A Non-Corrosive, Com- 
pounded Diesel Lube 
Oil Is Here 


ELSEWHERE in this issue is an article 
dealing with the advantages of com- 
pounded Diesel lubricating oils for high 
speed Diesel engines. Oils of this type 
available heretofore have been limited 
in application by the fact that they are 
corrosive to alloy type bearings found 
necessary under high speed high tempera- 
ture conditions. The article winds up 
with the prediction that it is “only a 
matter of time until an all-purpose, non- 
corrosive compounded oil will be avail- 
able to Diesel engine operators.” 

When the article was prepared, the 
editors knew that the prediction was well 
on the road to fulfillment. They did not, 
however, imagine that it would still be 
on the press when public announcement 
was made by the Standard Oil Co. of 
California of its new RPM Delo oil, an 
announcement which was withheld until 
the new oil had piled up a total of 
90,000 test hours, equal to 10 yr. con- 
tinuous service in a single engine. The 
new oil is available in a range of S.A.E. 
viscosity to meet the needs of all Diesels 
regardless of size or design, for trucks, 
busses, tractors or stationary units on 
land as well as for all marine service. 

A summary of the important properties 
of the new oil as established by field and 
laboratory tests follows: Prevents ring- 
sticking under the most severe engine 
operating conditions and is superior in 
the maintenance of piston cleanliness and 
the prevention of carbon and sludge de- 
posits in oil ring slots. Non-corrosive to 
alloy bearings and is, therefore, suitable 
for use in all engines, regardless of bear- 
ing material, such as copper-lead, cad- 
mium-silver, Satco and similar types. 
Moreover, protection is given to all bear- 
ing surfaces, piston rings and cylinders 
during the critical breaking-in period. 

Compounded oils heretofore available 
have been well suited to engines equipped 
with babbitt bearings, but were high cor- 
rosive to alloy bearings so widely used 
in modern high speed engines. The 
strongly anti-oxidant compound used in 
this new oil is non-corrosive to alloy 
bearings. This has been proven by ex- 
tensive tests in service and by alloy speci- 
mens placed in oil and air-blown at a 
temperature of 300 deg. F. for 72 hr. 

Reduces wear of cylinders, pistons and 
rings and is especially effective in high 
temperature regions such as the tops of 
pistons because of its unusual capacity to 


spread and lubricate hot metal surfaces 
instead of receding and leaving them dry. 
The compounding material used is a 
powerful anti-oxidant, so this lubricant is 
highly resistant to oxidation and deterio- 
ration and is stable in the presence of 
moisture and in storage. Due to this 
stability, filter clogging is reduced to the 
minimum. 

Development of the new RPM Delo 
with all these qualities to assure clean 
engine operation and long peak-power 
performance is described in the announce- 
ment as a “Marco Polo” adventure in 
lubrication engineering. 

Although this oil was developed pri- 
marily to meet the urgent and more rigor- 
ous needs of the smaller high speed 
Diesel, field tests also included its use, or 
rather an investigation of its use, in all 
types of Diesels including the slow and 
medium speed installations in a wide 
range of power output and as a result of 
this investigation the new oil is available 
in proper S.A.E. viscosity to meet the 
needs of all sizes and types of Diesel 
engines. 


Forged Steel Socket 
Welding Fittings 


THE FORGED steel socket welding fit- 
ting has just been introducéd by Crane 
Co., 836 South Michigan Ave., Chicago, 
Till. The deep socket provides liberal 
come and go in the assembling of pipe. 














Crane forged steel socket welding 
ittings 


These fittings are designed especially for 
welding and are not made from ordinary 
screwed fitting blanks but are especially 
designed with neat appearing bands only 
slightly larger than pipe. The socket wall 
is especially proportioned for welding, 
assuring uniform heat distribution and 
proper heat penetration. 


Utility Drill 


THE Brack & Decker Mre. Co., Tow- 
son, Md., has added to its line a new 
#5 in. utility ball bearing drill, particu- 
larly desirable for general repair work 
in garages and service stations and for 
general maintenance work in industrial 
plants. The 3 in. utility has a no load 


speed of 1100 r.p.m.—correct for general 
service work and for drilling with carbon 
bits. Its drilling capacity is # in. in 


steel, 54 in. in hardwood. It carries 
splined gear mounting on spindle, ball 
bearings throughout, and a_ universal 
motor of ample capacity for general 
drilling, carbon cleaning and other serv- 
ice work. 
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Turbine driven combined boiler feed and hot well pumps. The hot well pump raises 
1570 g.p.m. of 102° F. water from 2 |b. abs. to 210 Ib. gage, while the boiler feed 
pump raises 1455 g.p.m. of 260° F. water from 169 Ib. gage to 1186 Ib. gage. The tur- 
bine receives steam at 815 lb. gage and 900° F. and exhausts against 5 |b. back 
pressure. 


/ 


Nite, ACCESSIBILITY 


Many insist that high pressure boiler feed pumps, for exam- 
ple, should be inspected at least once a year, as so doing 
insures that they will be kept in good order. 


wh 
is at once accessible in all its parts upon lifting the cas- 
ing cover and the parts can be removed after removing 


the bearing caps. 
Internal leakage is usually given as the justification of the less 
accessible barrel construction, but the De Laval split casing de- 
~ sign avoids such leakage. The diaphragms separating the wheel 
Above~Casing and \ chambers are each made in one piece, that is, forming a com- 
cover of7-stage sleeve \ 
bearing pump, with plete disk without any joint subject to interstage leakage. They 
gtk end cover \ are of such diameter that the split joint of the casing extends in- 
wardly a minimum distance from the bolt line, thus avoiding dis- 
tortion of the casing, opening of casing joints from internal 
Pe | pressure and blowing of gaskets. The diaphragms are secured in 
At right — One-piece VW H : | IN the casing by a tongue and groove construction, making a 
ccolotes cae metal-to-metal joint, which is held tight by the pressure of the 
and carrying diffusion bi aaneaet liquid. f 
ne ; j The De Laval Multistage Pump can be completely dismantled 
and reassembled without special tools or jigs and in minimum 


time. 


Ask for new Catalog B-5. 


DE LAVAL STEAM TURBINE CO. . . TRENTON,N.J. 
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FEDERAL PowEeR COMMISSION _ has 
authorized licensing of the city of High 
Point, N. C. to construct a 30,000-hp. 
hydroelectric plant on the Yadkin River 
near Styers Ferry. Construction is to 
commence by June 1, 1939, and the plant 
be completed in 3 yr. Dam 80 ft. high 
by 2520 ft. long and a power house 
with three 10,000-hp. units, also trans- 
mission lines in Forsyth, Davidson and 
Guilford counties are to be included in 
the development. 


Peter J. FLAMANG, engineer and elec- 
trician at the St. Francis Hospital in 
Indianapolis, Ind., for seventeen years, 
died on February 20th of this year. 


Epwarp J. SLeGcer, formerly with en- 
gineering department of Wisconsin State 
Hospital, Winnebago, Wis., has been 
promoted to Chief Engineer, Wisconsin 
Industrial School for Boys, Waukesha, 
Wis. 

RevERE Copper AND Brass, INc., an- 
nounces the appointment of Keith C. 
Bowers, formerly of the St. Louis office, 
as its sales representative in Western 
Missouri and Kansas. Mr. Bowers will 
maintain headquarters at 325 Ward 
Parkway, Kansas City, Mo. 


J. P. PuttraM, president, Wisconsin 
Public Service Corp. recently announced 
the election of A. F. Davey, Sheboygan, 
as director of the company to fill the 
vacancy caused by the resignation of 
H. C. Cummins following his election 
as vice-president in charge of operation 
of the Northern States Power Co. at 
Minneapolis. Mr. Davey is manager of 
the Sheboygan-Manitowoc Div. and be- 
gan work with Wisconsin Public Service 
Corp. February 1, 1912, as superintendent 
of production in the Green Bay gas 
plant. He was previously employed by 
Western United Gas and Electric Co., 
Aurora, Illinois. In addition to his duties 
at Sheboygan, Mr. Davey is in charge of 
operations in the Manitowoc Division and 
acts as advisor in technical problems at 
all gas plants in the company. 

Stewart D. DistTeLHorst, formerly 
technical editor of Air Conditioning and 
Oil Heat, has joined the sales promotion 
_ of Cochrane Corp., Philadelphia, 

a. 

Unitep Conveyor Corp., 37 W. Van 
Buren St., Chicago, Ill., announces the 
appointment of the following District 
Sales Representatives: T. E. Nott, 122 
Brevard Court, Charlotte, N. C.; W. D. 
Taulman, 175 Spring St., Atlanta, Ga. 

WHEN Morris E. Leeps, president of 
Leeds & Northrup Co., Inc., Philadelphia, 
Pa., since its formation in 1903, arrived 
at the plant on March 6, he was surprised 
by an informal reception held in honor 
of his 70th birthday. For over 40 yr. 
Mr. Leeds has been one of the country’s 
most prominent manufacturers of pre- 
cision instruments and electric furnaces. 
Following graduation from Haverford 
College in 1888 he spent considerable time 
in post graduate work at the University 
of Berlin. A few years after returning 
to this country he formed the Morris E. 
Leeds Co. and acted as managing partner 
until the formation of Leeds & Northrup 
Co. in 1903. 


J. G. Mincte, 4221 Boulevard Place, 
Indianapolis, Ind., is opening an office 
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News from the Field 


for the practice of consulting engineering 
in the field of chimneys and draft prob- 
lems. Mr. Mingle, a graduate of Purdue 
University of the class of 1913, has had 
25 yr. experience for his chosen pro- 
fession. He has been an extensive writer 
on the general subjects of chimneys and 
draft. His work will involve the selec- 
tion of the proper size, the design and 
investigation of stresses and also the 
analysis of performance of natural-draft 
chimneys. Special attention will be given 
to draft problems relating to the entire 
plant. 


ANNOUNCEMENT has been made by 
Cochrane Corp. that O. H. Woolford is 
now Sales Manager for Specialties and 
Meters, and A. B. Wallem is Specialties 
Consultant. After serving Cochrane for 
more than 30 yr. in responsible positions, 
Mr. Wallem requested that he be re- 
lieved of arduous managerial duties, but 
will continue to give the corporation the 
benefit of his wide experience in the de- 
sign and application of specialties. 


THE AMERICAN SAND-BANUM Co., 
INnc., announces the appointment of L. H. 
Phillips Supply, Tiffin, Ohio, as. its rep- 
resentatives in the state of Ohio. 


THe 1938 LaMME MEDAL of the 
American Institute of Electrical Engi- 
neers has been awarded to Marion A. 
Savage, Designing Engineer, General 
Electric Co., Schenectady, N. Y., “for 
able and original work in the develop- 
ment and improvement of mechanical 
construction and the efficiency of large 
high speed turbine alternators.” The 
medal and certificate will be presented 
to him at the annual Summer Convention 
of the Institute, which is to be held in 
San Francisco, California, June 26-30, 
1939, 


Max W. Bass, President Allis-Chal- 
mers Mfg. Company, Milwaukee, Wis., 
was recently honored by having conferred 
on him the degree of doctor of laws by 
Iowa Wesleyan College at Mount Pleas- 
ant, Iowa. Dr. Babb is an alumnus of 
both Iowa Wesleyan and the University 
of Michigan. The honorary degree was 
presented by Dr. Stanley B. Niles, Pres- 
ident of the College. 


Occupyinc the block bounded by 
South Canal, South Clinton, West. Ca- 
brini and West Arthington Sts., 77,000 
sq. ft. of land has been purchased for 
the erection of a modern building to 
house the General Electric Company’s 
Chicago headquarters. The entire proj- 
ect will cost approximately $2,500,000 
and work will soon be started on the 
building which will provide space for 
the General Electric sales offices, ware- 
house and service shop; the General 
Electric Supply Corp., R. Cooper, Jr., 
Inc., and other associated interests. 


Power Plant Instruction 


FInaNcep by the Port Washington 
city council, the University of Wisconsin 
Extension Division has recently com- 
pleted a course of lectures on modern 
power plant practice for members of the 
operating force of the Port Washington 
(Wis.) plant of The Milwaukee Electric 
Railway & Light Co. Nearly all mem- 






bers of the personnel were enrolled for 
this advanced instruction in technical 
problems with which they are daily con- 
cerned. 

Conducted by Professor Ben G. 
Elliott, of the department of mechanical 
engineering, Extension Division, the lec- 
tures were given at weekly meetings over 
a period of 15 weeks. Visiting lecturers 
included M. K. Drewry, assistant chief 
operating engineer, The Milwaukee Elec- 
tric Railway & Light Co.; S. H. Morten- 
sen, of the Allis-Chalmers Mfg. Co.; 
L. J. Andresen, of the Combustion En- 

ineering Co., Inc., and Professor F. G. 

traub, of the University of Illinois. The 
companies mentioned and others which 
supplied equipment used in the Port 
Washington plant assisted in the class 
project. 

The class discussions were based on 
material in several power magazines, in- 
cluding Power PLaNnt ENGINEERING, 
copies of which were supplied to mem- 
bers for detailed study in advance of 
specific assignments. 


Midwest Power Conference 


THE SECOND annual meeting of the 
Midwest Power Conference, sponsored 
by Armour Institute of Technology, Chi- 
cago, Ill., in cooperation with Iowa State 
College, Purdue University, State Uni- 
versity of Iowa, University of Illinois, 
University of Michigan, Michigan State 
College and University of Wisconsin, also 
with the cooperation of local and na- 
tional engineering societies, will be held 
Palmer House in Chicago April 

Following registration on Wednesday, 
the morning will be devoted to two 
papers entitled: The Achievements of 
Research in Power, by L. W. Wallace 
and Developments in Central Station 
Power Plants, by Alex D. Bailey. 

In the afternoon, the papers to be pre- 
sented are: Problems of the Small In- 
dustrial Power Plant, by F. Elwell; 
Small Utility, Municipal and University 
Power Plants, by G. A. Gaffert; Modern 
Developments in Power Cables, by Her- 
man Halperin; Some Fundamentals of 
Generating Station Design, by G. G. 
Post; High Pressure-High Temperature 
Metallurgy, by J. C. Hodge; The Influ- 
ence of Creep Studies upon Allowable 
Design Stresses, by J. J. Kanter. 

On Thursday morning, the following 
papers will be presented: The Social Sig- 
nificance of the Development of Diesel 
Power, by L. H. Morrison; Diesel Trac- 
tor Power, by C. G. A. Rosen; A Survey 
of the Rural Service of the Wisconsin 
Utilities, by B. E. Miller; Contributions 
from the Rural Electrification Adminis- 
tration Program in Wisconsin, by V. M. 
Murray. 

Thursday afternoon, W. F. Sims will 
talk on Reliability of Power Supplies to 
Metropolitan Systems, followed by the 
papers: Reducing Pollution of Air by 
Power Plants, by R. V. Kleinschmidt; 
Chicago’s Air Pollution Problem, by Loyd 
R. Stowe; Power Plant Auxiliaries, by 
G. C. Daniels; Railway Motive Power, 
by H. P. Allstrand. 

Joint Midwest Power Conference, 
A.S.M.E. and A.I.E.E. dinner will con- 
clude the meetings for the day. 

On Friday, April 7, a session will be 
held at the Armour Institute, where two 
papers will be presented: Power Plant 
Statistics, by Arthur L. Rice; American 
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@ Everyone who has ever wished to end 
the nuisance noise of toilet bowl roar will 
want a copy of this folder. Just off the press, 
it tells of Sloan’s new Quiet-Flush equipment 
which reduces the sound of rushing water 
to the merest whisper. 

Quiet-Flush equipment was developed only 
after years of study. It combines the best 
features of generally known methods with 
important contributions from Sloan re- 
search. It is now available to all Sloan Royal, 
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SLOAN VALVE COMPANY 
4316 WEST LAKE STREET 
CHICAGO, ILLINOIS 





equipment. 
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Send me a copy of your new folder on your Quief-Flush 
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BOOKLET... 


Star, Crown or Naval Flush Valves. This 
new, efficient, Quiet-Flush equipment comes 
boxed complete, so that any master plumber 
may easily and quickly change your present 
Sloan valve to a modern, quiet installation. 

Send today for detailed descriptive litera- 
ture which tells you how easy it is to add 
Quiet-Flush to the world’s most universally 
used flush valve. The coupon above will 
bring the booklet—absolutely free and of 


course without obligation. 


SLOAN VALVE COMPANY ¢ CHICAGO 


SLOAN 2. VALVES 
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Pump and Turbine Development, by R. V. 
Terry. 

Inspection trips have also been ar- 
ranged. 

Additional information about hotel 
accommodations and special functions of 
the Conference can be obtained by ad- 
dressing Stanton E. Winston, Conference 
Secretary, Armour Institute of Technol- 
ogy, 3300 Federal St., Chicago, Illinois. 


J. D. Ross, Bonneville 


Chief Dies 


DEATH closed 
the career of James 
D. Ross, Adminis- 
trator of the 
Bonneville project, 
on March 15. He 
died at Rochester, 
Minn., a few min- 
utes after he was 
stricken with a 
heart attack while 
convalescing from 
an operation per- 
fromed several weeks before. 

Mr. Ross was 66 years old. A noted 
electrical engineer and a Fellow of the 
American Institute of Electrical Engi- 
neers, before his appointment by Presi- 
dent Roosevelt as administrator of the 
huge Bonneville Dam project in Oregon 
Mr. Ross was for many years the super- 
intendent of the Seattle City Light Co. 
He was an ardent advocate of municipal 
ownership of electric power systems and 
under his enthusiastic and efficient direc- 
tion he made the Seattle system one of 
the best operated systems in the country. 
It was under his direction that the great 
hydroelectric developments on the Ska- 
git River were developed. These rank 
among the nation’s finest. 

In 1935 he went to Washington as 
chief engineer of Power Development of 
the P. W. A. He then served as a mem- 
ber of the Securities and Exchange Com- 
mission and in 1937 became administrator 
of the Bonneville project. 


J. D. Ross 


Kenneth A. Rarick 


THE JoHNston & JENNINGS Co., 
Cleveland, Ohio, has announced the ap- 
pointment of Kenneth A. Rarick as man- 


Kenneth A. Rarick 


ager of Stowe Stoker sales in the mid- 
western territory. Mr. Rarick, a grad- 
uate of Purdue University, has a back- 
ground of more than 20 yr. in engineer- 
ing work, the major portion of which 
has been spent in various phases of com- 
bustion engineering. His offices will be 
located in the company’s Chicago plant, 
1030 West 38th Street. 


F. Malcolm Farmer Nomi- 


nated for President A.I.E.E. 


As REPORTED in our March issue, F. 
Malcolm Farmer has been nominated for 
the presidency of the American Institute 
of Electrical Engineers. Mr. Farmer, who 
is vice-president and chief engineer of 
Electrical Testing Laboratories, New 
York, N. Y., was born March 28, 1877, 
at Ilion, New York, and was graduated 
from Cornell University with the de- 
gree of mechanical engineer in 1899. In 
1903, after spending about 1% years in 
the test department of the General Elec- 
tric Company and 2% years in the in- 
spection division of the U. S. Navy at 
the Brooklyn, New York, Navy Yard, 
he joined the staff of Electrical Testing 
Laboratories as a technical assistant, be- 
coming engineer in 1906, chief engineer 
in 1912 and vice-president in 1929. Con- 
currently from 1902 to 1906 he was on 
the Cooper Union Night School staff 
under the late Professor William A. 
Anthony. 

Mr. Farmer has been particularly ac- 
tive at various periods in several stand- 
ardization organizations—as chairman of 
two committees of the American Society 
for Testing Materials and President 
(1924-25) ; as chairman of two commit- 
tees of the Standards Council of the 
American Standards Association and of 


F. Malcolm Farmer 


the Council (1936 to date); as a mem- 
ber of the Electrical Standards Commit- 
tee, the U. S. National Committee of the 
International Electrotechnical Commis- 
sion, and the Instruments and Measure- 
ments Committee of the Power Test 
Codes Committee of the American So- 
ciety of Mechanical Engineers. 

Mr. Farmer is a Director of the 
American Standards Association; a past 
president of the American Society for 
Testing Materials and of the American 
Welding Society; a Fellow of the Amer- 
ican Association for the Advancement of 
Science, a Member of the Institution of 
Electrical Engineers (Great Britain) 
and the American Society of Mechanical 
Engineers. 


For the Engineer's Library 





Any Catalogs that you wish will be gladly 
sent. Write Power Plant Engineering. 





Instruments 


Potentiometer Controllers, is a new 
24-pp. illustrated bulletin 202-2 explain- 
ing their principal functions for govern- 
ing industrial temperatures. Various 
sections cover throttling potentiometer 
controllers, electric resistance ther- 
mometer automatic controllers, poten- 
tiometer control pyrometers and resist- 
ance thermometer controllers with air- 
operated valve, potentiometer recorders 
and the Stabilog potentiometer. The 
Foxboro Co., Foxboro, Mass. 

New Pressure Recorders is the title 
of a new bulletin F 1531,.8 pages in 
color describing recording pressure 
gages made in a range of from zero to 
30 in. vacuum up to 10,000 Ib. pressure. 
Crosby Steam Gage & Valve Co., Bos- 
ton, Mass. 


Speed Indicator—The Jaquet Speed 


Indicator, an accurate and inexpensive 
chronometric tachometer, is illustrated 
and described in a new bulletin just 
issued by the Boulin Instrument Corp., 
65 Madison Ave., New York, N. Y 


Morse-Newhall Test Assembly, de- 
veloped by T. B. Morse of the Common- 
wealth Edison Co. and C. W. Newhall, 
Jr., of the Public Service Co. of North- 
ern Illinois, is illustrated and described 
in a new bulletin issued by the Leeds & 
Northrup Co., 4908 Stenton Ave., Phila- 
delphia, Pa. 

Telemetering Device — A new 16- 
page bulletin 194-A entitled Bailey 
Synchro-meter presents a simple elec- 
trical mechanism which is said to ac- 
curately transmit and indicate, record 
or integrate the measure of any factor, 
such as flow, level, pressure and tem- 
perature at a distant point. Wiring 
diagrams illustrating the principle of 
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1.. Remove Bonnet. 2. Unlock Seat 


SEAT RINGS 
CAN BE 


aan 


Rings. 


RENEWED ON 
THE PIPE LINE 
BY ONE MAN 


The exclusive interrupted thread in 
the seat rings of Fairbanks Renewable 
Iron Body Gate Valves makes it possible 
to unlock worn rings and insert new 
ones in ten to thirty minutes, depending 
on the location and size of valve. That 
makes the valve as good as new, at the 
small cost of new rings. 

Fairbanks Renewable Valves elimi- 
nate the time, trouble and expense of 
removing non-renewable types from 
the line and paying for a whole new 
valve when only a small part is worn. 

The special high-test semi-steel alloy 
in these valves has an average tensile 
strength of 40,000 lbs. per sq. in. Rolled 
Naval bronze stem, with full cut Acme 
threads, makes Fairbanks Valves easy to 
operate at high temperatures. 


cee 


' 4. Insert new rings. Tapered lugs 
on rings fit into corresponding 
machined slots in valve body. 


Bronze lined yoke gland and bronze 
bonnet bushing prevent corrosion and 
protect stem from scoring and cutting. 
Hinged bolts make it easy to repack the 
stuffing box. 

Distributors everywhere sell Fair- 
banks Bronze and Iron Valves. 

Write for Bulletin 102 giving detailed 
construction and dimension specifica- 
tions. 


THE FAIRBANKS COMPANY 
Valves, Dart Unions, Hand Trucks and Wheelbarrows 
Executive Offices: 399 Lafayette St., 
New York, N. Y. 


Boston, Pittsburgh—Distributors in Principal Cities 
Factories: Binghamton, N. Y.;.Rome, Ga, 


Fairbanks ‘vis. 
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operation are included. Bailey Meter 
Co., Cleveland, Ohio. 


Instruments—Temperature Control- 
lers—An illustrated 48-page bulletin 225 
under this title discusses the factors 
governing the choice of temperature 
controllers, and outlines the types of 
air-operated controllers with which 
to meet particular industrial needs. 
The difference between open-and-shut, 
throttling and throttling reset control 
is defined in simplified terms; instru- 
ments for each of these control func- 
tions are described. Indicating Gages, 
a new eight-page booklet 229 sets forth 
the functions and advantages of Fox- 
boro gages where pressure is an im- 
portant factor. A cross-sectional illus- 
tration of the mechanical construction 
of the Model P gage clearly outlines 
the entire movement of the instrument. 
Illustrations of the refinery, hydraulic 
and test gages are accompanied by 
complete descriptions. Standard speci- 
fications are given for these gages as 
well as for Models A and P-A. The 
Foxboro Co., Foxboro, Mass. 


Boilers and Accessories 


Boilers—Vogt Class ML-L Low 
Head Boilers built in sizes ranging 
from 80 to 750 hp. for any required 
working pressure, are described largely 
by means of installation drawings in a 
new bulletin just issued by Henry Vogt 
Machine Co., Inc., Louisville, Ky. 


Horizontal Boiler Service Units is 
the title of Form B14-HB describing 
a new line of Roots-Connersville 
pumps, ranging in size from 1 to 3 in. 
suction large enough for boilers up to 
500 hp. and pressures up to 150 Ib. 
Roots-Connersville Blower Corp., Tur- 
bine Pump Div., Connersville, Ind. 

Boilers—A new 4-page Bulletin 105 
illustrates and describes the Edge Moor 
Low Head Boilers. Engineering data 
on the boiler is also included in the 
bulletin. Edge Moor Iron Works, Inc., 
30 Rockefeller Plaza, New York, N.Y. 

The Coal Pulverizer installation at 
Essex Generating Station of the Public 
Service E. & G. Co., Newark, N. J., 
is described in a new 8-pp. bulletin 
P-39-9 just issued by the Foster 
Wheeler Corp., 165 Broadway, New 
York City. 

Pulverized Fuel Systems is the title 
of Bulletin B P 39-6, a 40 pp. catalog 
in colors describing Foster Wheeler 
pulverized coal systems, particularly 
Conical Ball Mills, burners and feeders. 
Construction and installation are 
shown by a large number of recent 
installation drawings and photographs. 
It is said that “Wood and bagasse 
are the only common solid fuels which 
have not been successfully pulverized 
in F, W. equipment.” Foster Wheeler 

o., 165 Broadway, New York, N. Y. 


Water Treatment and 
Control 


_ Silica In Water is the subject of a 
46-page pamphlet by M. C. Schwartz. 
Following a brief section on the colori- 
metric determination of silica, the bul- 
letin is devoted to a comprehensive 
bibliography with abstracts arranged 
chronologically and with an author in- 
dex. The price of the bulletin is 50 
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cents. Copies are available to those in- 
terested on application to Louisiana 
State University, University, La. 

Water Analysis—The new, enlarged, 
fourth edition of the Water Analysis 
Manual contains complete, up-to-the- 
minute facts on water analysis by out- 
standing authorities. Tells how to ob- 
tain representative samples and follows 
through with correct procedure and 
calculation of results for each test. 
Chemicals required are also enumer- 
ated and apparatus is illustrated. In 
addition to various standard tests, sev- 
eral new methods of analyses are de- 
scribed, including the T H Q and Betz- 
Hellige methods for sulfate determina- 
tion. This new edition will be mailed 
without cost or obligation if request 
is made on company letterhead to 

.H. & L. D. Betz, 235 W. Wyoming 
Ave., Philadelphia, ’Pa. 

Feedwater Control—A 16-page bul- 
letin 105 entitled Three Element Feed- 
water Control describes a system of 
feedwater control which accurately 
measures feedwater flow to the boiler, 
steam flow from the boiler and boiler 
water level and which functions to 
control feedwater input so that it 
equals steam output at all times. 
Numerous chart records are reproduced 
in the bulletin showing operation of 
the system under various conditions. 
Bailey Meter Co., Cleveland, Ohio. 


Boiler Water Level Control is the 
title of a new 20-page bulletin cover- 
ing the complete line of McDonnell 
devices for feeding and protecting low 
pressure boilers. McDonnell & Miller, 
Wrigley Bldg., Chicago, IIl. 

Controller—A new 12-page bulletin 
describes direct-connected _ ball-float 
liquid level controllers. All types are 
illustrated as are the lever type valves 
used with these controllers. Mason- 
Neilan Regulater Co., 1189 Adams St., 
Boston, Mass. 


Diesel Engines 


Dodge and Diesel is the title of a 
new 24-page book describing in non- 
technical language the advantage of the 
Diesel, its operating principles, ad- 
vantages and disadvantages for truck 
service, details of the new Dodge Diesel 
and specifications, and performance. 
Truck Sales Department, Dodge Divi- 
sion, Chrysler Corp., Detroit, Mich. 


Diesel—From the buying of the steel 
to the assembling of the finished parts, 
the craftsmanship that goes into 
Caterpillar Diesel engines, track-type 
tractors and road machinery is briefly 
discussed in a new booklet, Form 5179, 
which briefly illustrates and explains 
many of the most interesting tests con- 
ducted. The mechanical features of 
Caterpillar Diesel tractors, engines and 
road machinery are discussed in a 
booklet, Form 5205, which is profusely 
illustrated and contains brief sections, 
each devoted to a separate feature, and 
each showing how this feature has an 
effect on the working ability and long 
life of the machine. Caterpillar Trac- 
tor Co., Peoria, Ill 

Stover Diesel Engines is the title of 
Bulletin No. 40 describing the 5, 7%, 
10 and 15-hp. units adaptable for gen- 
erators or miscellaneous mechanical 
drives. They are single cylinder units 
and can be supplied with or without 
radiator cooling system. Stover Mfg. 
& Engine Co., Freeport, II. 





Piping 


Coupling—A_ new 12-page catalog 
describing the Raybould Coupling has 
just been issued by the Pittsburgh 
Equitable Meter Co., 400 N. Lexington 
St., Pittsburgh, Pa. 

Pipe and Bolt Machine—Beaver 
Model ( C portable pipe and bolt is illus- 
trated and described in a new bulletin 
just issued by Beaver Pipe Tools, Inc., 
Warren, O 

Flexible Tubing—Resistoflex PVA 
is a synthetic resin, basically Polyviny] 
Alcohol offered chiefly in the form of 
flexible tubing which is entirely imperv- 
ious to oils and organic solvents. This 
product is illustrated in a new folder 
issued by the Resistoflex Corporation, 
370 Lexington Ave., New York, N, Y. 


Improved Hot Water Supply Pip- 
ing. By J. M. Krappe, is the subject 
of Engineering Bulletin 64, a report of 
the work carried out as a part of a 
research program on the application of 
gas to domestic water heating. The 
price of the bulletin is 25 cents but a 
limited number are available without 
charge. Engineering Experiment Sta- 
tion, Purdue University, Lafayette, Ind. 


Electrical Equipment 


Nonreversing Linestarters—A new 
leaflet, Descriptive Data 11-200 de- 
scribing the new nonreversing line- 
starters for squirrel-cage and wound- 
rotor motors has been announced by 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 

The 100-Watt Cooper Hewitt Fluor- 
escent Lamp—An 8-page bulletin, 522, 
under this title discusses the character- 
istics of this new lamp for general in- 
dustrial lighting. Also included in the 
bulletin is a photometric rating chart, 
as well as a foot-candle table and com- 
plete specifications. General Electric 
Vapor Lamp Co., 410 Eighth St., 
Hoboken, N. J. 

Reconditioning Flood Damaged 
Electrical Equipment is the title of 
Publication No. F13 which is a report 
of the electrical equipment committee, 
Edison Electric Institute, and of the 
electrical equipment committee, engi- 
neering section, Pennsylvania Electric 
Association. This report crystallizes 
various descriptive material, based on 
the disastrous floods of 1936, 1937 and 
1938 into a permanent record which 
will give for future reference the best 
thought and experience on recondi- 
tioning flood damaged electrical equip- 
ment. Price 30 cents to members and 
their employees; 75 cents to non-mem- 
bers in U. S. A.; 85 cents to foreign 
countries. Edison Electric Institute, 
420 Lexington Ave., New York, N. Y. 


Electrical Equipment—Seven new 
bulletins describing various types of 
electrical equipment have just been 
issued. Catalog Section 47- 225 entitled 
Feeder-Voltage Boosters gives com- 
plete information on the Type BR two- 
step feeder-voltage boosters which are 
particularly applicable to rural lines 
or distribution circuits where the load 
changes once or twice daily from very 
light to nearly full load. Westinghouse 
combination line starters, consisting of 
the De-ion linestarter and the Nofuze 
De-ion’ circuit breaker, is the subject 
of an 8-page illustrated booklet B-2131 
entitled 4 Points to Check. Type AB- 
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An Improvec 
150-Ib. BRONZI } F 
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@ Here isthe 150 pound Bronze Gate Valve 
designed by READING-PRATT & CADY to 
more than meet demands made by today’s @} 
service. You will find it worth while to check 
the improvements listed because some of 
them may cover what you have wanted. 







Where you would like greater strength, Arcos oe Vy =— : . : —_9— 3 Y 
weight has been added. Where length nt iS 2 Aes CC Se ee 
would provide greater accuracy, longer § THESE 12 POINTS GIVE YOU THE 
wear or more strength, the new length is iy ‘BEST SERVICE YOU Cc AN BUY 
there. Wh loser tolerances would give is! an: ge ok oe 

ee ae 7v° in 150-Pound Bronze Gate Valves 


longer service, they are found in this valve 
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2 ci) Heavier packing nut and e (7) Longer neck for more 


—all at no advance in price. Sizes 1/4” to 3”. 
P ”s gland. — stem contact when valve — 





























Ask your READING-PRATT & CADY Job- |) Stuffing box with wide closed, 
ber or write us. Glad to supply data and ue hex and deep packing Guide slots machined to 
make recommendations to meet your needs Ni Lo pa tolerances. : 
or provide engineering service to help with > 13] a stuffing box — peda sali eek ee 
special valve problems. ~ QHteavier hub: Packing eae Longer pipe threads 
_ der pressure feature. -—_ (A. P|. effective thread 
READING-PRATT & CADY ~— @deavier fange on hub. —_ lengths). 
ne © O longer thread and stem @ Heavier, wider hexes. 
Brass and Iron Valves— ‘Steel Valves — Fittings a r greater contacl with Easier to handle. 








AMERICAN CHAIN & CABLE COMPANY, Inc. 


AMERICAN CHAIN DIVISION ¢ AMERICAN CABLE DIVISION @ ANDREW C. CAMPBELL DIVISION @ FORD CHAIN BLOCK DIVISION © HAZARD WIRE ROPE 
> DIVISION @ HIGHLAND IRON AND STEEL DIVISION @ MANLEY MANUFACTURING DIVISION @ OWEN SILENT SPRING COMPANY, INC. @ PAGE STEEL AND 
Wor) WIRE DIVISION ¢ READING-PRATT & CADY DIVISION # READING STEEL CASTING DIVISION # WRIGHT MANUFACTURING DIVISION ¢1N CANADA: DOMINION 
7) CHAIN COMPANY, LTD. © IN ENGLAND: BRITISH WIRE PRODUCTS, LTD. © THE PARSONS CHAIN COMPANY, LTD. @ In Business for Your Safety 
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20 De-ion air circuit breakers, primar- 
ily intended for circuit protection of 
main distribution feeders in central 
stations, industrial plants, or building 
equipment where heavy concentration 
of power requires a breaker of 20,000 
amp. interrupting capacity, are de- 
scribed in a new leaflet Descriptive 
data 29-080. A new 16-page illustrated 
booklet, Descriptive data 46-200, en- 
titled Small Distribution Transformers, 
gives an extensive description of the 
subject. The Type LR feeder voltage 
four step booster-regulator, designed 
to provide economic voltage regulation 
on rural lines, is described in a new 
booklet, Catalog Section 47-230. Simple 
Facts about Synchronous Motors is 
the title of a new booklet B.2164 telling 
how to select the proper synchronous 
unit for the application, and showing 
the advantages of the synchronous mo- 
tor. The type SU induction feeder 
voltage regulator, combining low first 
cost and low maintenance costs, is dis- 
cussed and described in a new booklet, 
B.2165. Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 


Materials 


Refractories—A new folder illus- 
trating and describing various brands 
of brick manufactured at the Com- 
pany’s South Works has just been is- 
sued by the Harbison-Walker Refrac- 
tories Co., Farmers Bank Bldg., Pitts- 
burgh, Pa. 

Flashing—A new bulletin illustrates 
and describes Cheney Flashing which 
is scientifically designed to provide 
perfect drainage with the positive Key- 
bond in all directions preventing leaks 
and seepage. There are two types of 
Flashing, which are Cheney Flashing 
(16 oz.) and Three Way Flashing (10 
oz.). The only difference being the 
weight of the copper used. The Bul- 


DESIGNATED as the Habirshaw division 
of the Phelps Dodge Copper Products 
Corp. and founded in 1886 by Dr. Wil- 
liam M. Habirshaw, the Yonkers plant 
supplemented other mills at Elizabeth, 
N. J., Fort Wayne, Ind. and Los Angeles, 
Cal. These plants with the Phelps Dodge 
Mines, smelters and refiners permit the 
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letin also includes a description of 
Cheney Spandrel Waterproofing. Re- 
vere Copper and Brass, Inc., 230 Park 
Ave., New York, N. Y. 


Metals—A series of bulletins describ- 
ing properties, applications and produc- 
tion of nickel alloyed cast brass and 
bronze and nickel silvers has recently 
been published. An index which im- 
proves the usefulness of these bulletins 
has been prepared and may be ob- 
tained from The International Nickel 
Co., Inc., 67 Wall St., New York, N.Y. 


Oakite News Service—A special edi- 
tion of a house organ under this title 
has just been issued commemorating 
three decades of service to industry by 
this company as originators and pro- 
ducers of industrial cleaning methods 
and materials. This special issue gives 
an interesting, historical review of the 
development of specialized cleaning 
methods and materials, and how they 
have contributed in helping American 
industry speed production and keep 
manufacturing costs low. It includes, 
too, a recital of the trends industrial 
cleaning research will follow in the 
coming years. Oakite Products, Inc., 
22 Thames Street, New York, N. Y. 


Miscellaneous 


Index to A.S.T.M. Standards and 
Tentative Standards—The latest edi- 
tion of the Index to A.S.T.M. Stand- 
ards and Tentative Standards gives in- 
formation on all of the 870 standards 
as of January 1, 1939. All items are 
listed in the Index under appropriate 
key-words according to the particular 
subjects they cover. As a convenience 
a list is given of the specifications and 
tests in numeric sequence of their 
serial designations. Copies are fur- 
nished without charge on written re- 
quest to A.S.T.M. Headquarters, 260 
S. Broad St., Philadelphia, Pa. 


The Yonkers Plant Addition 


corporation to handle its own product 
from the mine to the market. 

In line with anticipated enlargement 
of public utility facilities throughout the 
country and the part they will play in 
the contemplated national defense pro- 
grams, the Phelps Dodge Copper Prod- 
ucts Corp. has begun operations at a 
big new addition to its plant at Yonkers. 


Conveyor—A new picture book No. 
1630 of ideas for handling things me- 
chanically on overhead conveyors, from 
where they are to where they are 
wanted next, has been published by 
Link-Belt Co., Chicago. 

Bearings—This new 72-page John- 
son Bronze Catalog 390 is completely 
illustrated and affords a comprehensive 
guide with progressive size listing of 
Johnson general purpose bearings, in 
800 stock sizes, machine-finished ready 
for assembly; over 350 sizes of John- 
son Universal bronze cored and solid 
bars; over 230 sizes of Johnson electric 
motor service bearings, individually 
illustrated, described with necessary 
specifications throughout and listed in 
both alphabetical and progressive sizes; 
Johnson lead-base and tin-base babbit; 
Johnson cast bronze graphited_bear- 
ings and plug type bearings. Special 
sections on oil grooving, flanged bear- 
ings and bushings, an attractive deci- 
mal equivalent chart and convenient 
listing of Johnson sales offices and 
warehouses are also included in the 
catalog. Johnson Bronze Co., New 
Castle, Pa. 


Fire Fighting 


Safe With Poweron is the title of 
a new bulletin describing the Poweron 
Nozzle which is used in fighting fires 
in electrical equipment. A water stream 
can be applied to a 250,000 volt live 
circuit without menacing the lives of 
firemen or civilian employees. Ameri- 
a France-Foamite Corp., Elmira, 


Gas Generator—The 8-page bulle- 
tin, No. 100-B13, illustrates inert gas 
generators which are applicable for fire 
and explosion prevention where flam- 
mable materials are handled or stored 
and where a gas free from oxygen is 
required. Roots-Connersville Blower 
Corp., Connersville, Ind. 


This new plant with its equipment and 
research and production-control labora- 
tories is one of the most modern cable 
plants in the world. Its facilities cover 
the manufacture of wires and cables for 
the entire range of the electrical require- 
ments, from the smallest wire for mid- 
get coils to the huge multiple-conductor 
underground transmission cables. 
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FOR A SPECIFIC SERVICE 


ewe ong is no such thing as any one 
valve to meet every service. The 
very ¢eature, for instance, that makes 
‘a ball type disc valve ideal for hot oil 
lines, makes it unsuitable for throt- 
tling. And when a valve leaks, it 
doesa’t necessarily mean that only the 


seat is at fault—that valve may be the .- 


wrong type for the service on which 
it is used. 

In almost any service there is one 
valve that will perform better than any 
other. That is why the Crane Catalog 
lists thousands of valves—to assure 
your getting the one that exactly fits 
your requirements. 


CRANE 


CRANE CO., GENERAL OFFICES: 836 S. MICHIGAN AVE., CHICAGO 
VALVES ¢ FITTINGS «© PIPE «© PLUMBING + HEATING *« PUMPS 


NATION-WIDE SERVICE THROUGH BRANCHES AND WHOLESALERS 
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The problem, then, is how to pick 
the right one. As a matter of fact you, 
who know the actual conditions of 
your service, are in a better position 
than anyone else to select the valve 
you should use. 


Get This Valuable Guide Free 
To assist you in making this selection 
we have prepared a bulletin, “Service 
Characteristics of Globe Valves and 
Gate Valves,” containing a useful 
chart designed to help you work out 
your requirements. It greatly simpli- 
fies your selection by showing the 
service characteristics of each type of 


valve. A copy of this valuable bulletin 
will be sent to anyone interested— 
mail the coupon below. 


S93g YaLyaS any | 
S273 Valves | 


How 


TO PICK THE fe 
RIGHT ONE aes 
= EVERY TIME 





CRANE CO. 





836 So. Michigan Ave., Chicago, Ill. 
Gentlemen: I want a copy of your bulletin, “Service Character- 
istics of Globe Valves and Gate Valves.” 


PPE-4-39 
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Power Plant Construction News 


Ark., Warren—Warren Cotton Oil 
& Mfg. Co., Warren, plans installation 
of power equipment in connection with 
rebuilding of portion of local cotton- 
seed oil mill, recently destroyed by fire, 
with loss estimated at close to $75,000. 
Reconstruction. will cost about like 
amount. 

Calif.. Newman—East-West Dairy- 
men’s Association, Newman, Manuel 
Lemos, director, plans installation of 
electric power equipment in new local 
milk products plant at Inyo and N 
Streets. Entire project will cost over 
$125,000. A boiler house is proposed. 
Ernest J. Klump, Rowell Building, 
Fresno, Calif., is architect. 

Calif., San Francisco—Pacific Can 
Co., Williams and Newhall Streets, 
plans installation of electric power 
equipment in new one-story addition, 
75 x 205 ft., for which superstructure 
will begin soon. Entire project will cost 
close to $100,000. W. H. Ellison, Pa- 
cific Building, is engineer. 

Conn., Stratford — United Aircraft 
Corporation, East Hartford, Conn., 
plans installation of electric power 
equipment in new addition to branch 
plant at Stratford, used for Sikorsky 
Aviation Division. New unit will be 
occupied by Chance Vought Aircraft 
Division, to be removed from East 
Hartford to that location. Entire proj- 
ect estimated to cost over $100,000. 
Albert Kahn, Inc., New Center Build- 
ing, Detroit, Mich., is architect and 
engineer. 

Ill., Belleville—State Department of 
Public Works and Buildings, Spring- 
field, Ill., plans power plant at new 
sanatorium at Belleville. Entire project 
will cost about $550,000. Proposed to 
ask bids soon. A. B. Dunham, arch- 
itect, and Rose & Harris, consulting 
engineers, both Essex Building, Minne- 
apolis, Minn. 

Ill., Moline—City Council plans in- 
stallation of electric oto —— 
in new hangar, 100 x admin- 
istration building and Ara - munic- 
ipal airport. Entire project will cost 
about $175,000. A special election has 
been called April 18 to approve bond 
issue in that amount. Work is sched- 
uled to begin closely following. Robert 
M. Benell is city engineer. William 
H. Schulzke, 1630 Fifth Avenue, Mo- 
line, is architect. 

Ind., Indianapolis—General Motors 
Corporation, General Motors Building, 
Detroit, Mich., plans installation of 
power equipment in proposed new 
plant in vicinity of municipal airport, 
Indianapolis, for production of air- 
craft engines and parts. It will com- 
prise several large units. Entire project 
is reported to cost over $6,000,000. J. 
Llovd Allen, Architects’ and Builders- 
Building. Indiananolis, is architect. 

Ky., Burkesville—City Council has 
plans under way for new municipal 
electric power plant. Proposed to use 
Diesel engine-generator units and ac- 
cessories. Cost about $65.000. J. 
Stephen Watkins, McCelland Building, 
Lexington, Ky., is consulting engineer. 

Ky., Newport—Andrews Steel Co., 
Ninth and Lowell Streets, plans instal- 
lation of electric power equipment in 
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new addition to mill, including im- 
provements in present plant. Entire 
project reported to cost over $100,000. 
Tietig & Lee, 34 West Sixth Street, 
Cincinnati, Ohio, are architects. 

N. C., Plymouth—North Carolina 
Pulp Co., Plymouth, plans installation 
of electric power equipment in new 
additions to local mill. Entire project 
will cost over $500,000. Company is a 
division of Kieckhefer Container Co., 
Delair, N. J. 

N. C., Roanoke Rapids — Halifax 
Paper Cox, Inc., Roanoke Rapids, plans 
installation of electric power equipment 
in new addition to kraft paper mill. 
Entire project reported to cost about 
$75,000. Work is scheduled to begin 
soon. J. E. Sirrine & Co., Green- 
ville, S. C., are consulting engineers. 

Md., Baltimore — Lever Brothers 
Co., 164 Broadway, Cambridge, Mass., 
manufacturer of soap products, plans 
installation of electric power equip- 
ment in new additions to branch plant 
at 5300 Holabird Avenue, Baltimore. 
Entire project estimated to cost close 
to $125,000. Stone & Webster Engi- 
neering Corporation, 49 Federal Street, 
Boston, is architect and engineer. 

Mo., Kansas City—Water Depart- 
ment, City Hall, plans installation of 
motor-driven pumping machinery and 
auxiliary equipment in new pumping 
station for municipal waterworks in 
Turkey Creek district. Appropriation 
of about $200,000 is beino arranged 
for this and other improvements in 
system and stations. T. D. Samuel, Jr., 
is chief engineer of Department. 

, Atlantic City—Atlantic City 
Electric Co:, Kentucky Avenue, is con- 
sidering expansion and improvements 
in steam-electric generating station, in- 
cluding installation of new steam turbo- 
generator unit and auxiliary equip- 
ment. Proposed to increase present 
capacity by about 25,000-kw. 

N. J., Hoboken — General Foods 
Corporation, 250 Park Avenue, New 
York, N. Y., plans installation of elec- 
tric power equipment in new addition 
to plant on Hudson Street, Hoboken, 
totaling about 100,000 sq. ft. of floor 
space, to be used for can manufacture 
for coffee packing. Cost about $250,- 
000. Proposed to begin work soon. 

N. Y., New York — Consolidated 
Edison Co. of New York, Inc., 4 Irv- 
ing Place, has plans for expansion and 
improvements in Waterside steam-elec- 
tric generating station, to be carried 
out over a period of months. In- 
stallation will include two 65,000-kw. 
turbo-generating units, high-pressure 
boilers and complete auxiliary equip- 
ment. Awards for generators have been 


made and contracts for other equip- . 


ment are scheduled to be made soon. 
Entire project is reported to cost in 
excess of $10,000,000 

C., Graham—Travora Mfg. Co., 
Graham, plans installation of electric 
power equipment in new three-story 
addition to cotton mill. Entire project 
will cost over $70,000. Proposed to 
begin work soon. H. V. Biberstein, 
1600 Elizabeth Avenue, Charlotte, N. 
C., is architect. 


Ohio, Cincinnati—Standard Oil Co. 
of Ohio, Midland Building, Cleveland, 
plans installation of pumping machin- 
ery and accessories, steel tanks and 
other power equipment in new bulk 
oil storage and distributing plant in 
Bond Hill district, Cincinnati. Entire 
project will cost about $400,000. Com- 
pany engineering department is in 
charge. 

Ore., Willamina — Olympia Veneer 
Company, Olympia, Wash., plans 
power house at new veneer mill at 
Willamina, where large tract of land 
is being secured. Electric power equip- 
ment will be installed for mill service. 
Entire project is estimated to cost over 
$350,000. New plant will be operated 
in name of Pacific Plywood Co., an 
affiliated organization. 

Texas, Liberty—Del Ray Petroleum 
Co., McBirney Building, Tulsa, Okla., 
plans power house at new natural gas- 
oline plant in Hardin oil field area, 
Liberty County, Tex., where property 
has been acquired. Also will install air 
compressors, pumping machinery and 
other equipment in refinery unit. Entire 
a estimated to cost about $200,- 


Texas, Houston—Warren Petrole- 
um Co., National Bank of Tulsa Build- 
ing, Tulsa, Okla., plans installation of 
air compressors, pumping machinery 
and other power equipment in new 
natural gasoline refining plant in Fair- 
banks oil field area, Harris County, Tex. 
Work is scheduled to begin soon. Cost 
about $250,000.- 

Va., Richmond—United States To- 
bacco Co., 630 Fifth Avenue, New 
York, N. Y., plans new power plant at 
factory on South Nineteenth Street, 
Richmond, and will carry out work in 
conjunction with large addition to 
plant. Electric power equipment will 
be installed in latter unit for operating 
service. Entire project is reported to 
cost over $500,000. Schmidt, Garden 
& Erickson, 104 South Michigan Ave- 
nue, Chicago, are architects. 

Va., Staunton—J. L. Witz Furniture 
Corporation, Staunton, plans installa- 
tion of electric power equipment in 
connection with rebuilding portion of 
plant recently destroyed by fire. Loss 
close to $200,000. Reconstruction will 
cost approximately a like amount. 

Wash-, Seattle—Swift & Co., Se- 
attle, meat packers, plan installation of 
electric power equipment in new local 
plant in vicinity of Fourth Street South 
and Connecticut Avenue. A refriger- 
ation division will be installed. Entire 
project estimated to cost close to $250,- 
0 Main offices are in Union Stock 
Yards, Chicago, Ill. W. G. Young is 
manager at Seattle. 

Wis., La Crosse—Northern States 
Power Co., Eau Claire, Wis., has plans 
maturing for new addition to steam- 
electric power plant at La Crosse, with 
installation of a new 10,000-kw. steam 
turbo-generating unit ‘and auxiliary 
equipment. Cost about $1,500,000. 
Proposed to begin work this spring. 
Public Utility Engineering & Service 
Corporation, 231 South La Salle Street, 
Chicago, IIl., is engineer. 
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